Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



DESIGN 

OF 

ELECTRICAL MACHINERY 



A MANUAL ^FOB THE USE, PRIMARILY, OF STUDENTS 
IN ELECTRICAL ENGINEERING COURSES 



Vol. I 
DIRECT CURRENT DYNAMOS 



BY 



WILLIAM T. RYAN, E.E. 

Aaaiatant Professor of Electrical Engineering, The University of Minnesota 



FIRST EDITION 
FIRST THOUSAND 



NEW YORK 

JOHN WILEY & SONS 

London: CHAPMAN & HALL, Limited 

1912 



Copyright, 1912 

BY 

WILLIAM T. RYAN 



THE SCIENTIFIC PRESS 

ROBERT DRUMMOND AND COMPANY 

BROOKLYN, N. Y. 



170329 

TO ^ 



PREFACE 



The purpose of this work is to supply a manual on 
Electrical Design. It contains, what the author beUeves, 
will be of the most service to the student who is just entering 
upon his experience as a designer. 

A more comprehensive study of the principles and 
phenomena underlying the calculations should be made 
by means of lectiu'es, recitations, through the medium of 
references, etc. 

Good electrical apparatus cannot be designed by any 
set of rules, and it must be recognized that it is not feasible 
to develop a real designer in a college com^e. However, 
there are certain fundamental scientific principles which 
can be laid down definitely and taught with precision. 
The student should bear in mind that, while there is much 
in this volume that is of practical value, the main object is 
to present as clearly and briefly as possible the fundamental 
principles upon which the designer necessarily rests. He 
also should bear in mind that he cannot expect to get any 
more than a training that will be of value and assistance 
to him, if at any time in his later experience he should decide 
to become a designer. 

An electrical designer must also be a mechanical designer. 
This point is very often overlooked by the beginner. It 
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is possible to devise some very wonderful designs from an 
electrical standpoint, but which when the mechanical 
features are considered are absolutely impractical. 

It is the intent of this volume to cover the design of 
direct-current dynamos and motors; alternating-current 
generators, synchronous motors, rotary converters, and 
transformers will be considered in succeeding volumes. 

Special attention has been given to the arrangement of 
the work with regard to the order of the process of making 
the calculations. 

The author has drawn very largely upon information 
obtained from the Westinghouse Electric and Manufactur- 
ing Co. of Pittsburgh, Pa., and from the Electrical Machinery 
Co. of MinneapoUs, Minn., in preparing this work. He 
desires to acknowledge his indebtedness to the above com- 
panies and also to many others whose valuable suggestions 
have been utiUzed. 

W. T. Ryan. 

University op Minnesota, 
Minneapolis, Minn,, 
Jan. 1, 1912. 
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VOLUME I.— DIRECT-CURRENT DYNAMOS 



CHAPTER I 



THE DESIGN OF DIRECT-CURRENT CONSTANT-POTENTIAL 

DYNAMOS 

The purpose of this chapter is to present a method of 
dynamo design based primarily upon data derived from 
machines met with in actual practice, and at the same time 
bring out the underlying principles of the subject. The 
student, when designing a dynamo, has before him a very 
different problem than has the practical engineer. The 
engineer must not only produce a machine which at a mini- 
mum cost, shall have good operating characteristics, high 
efficiency, durabiUty and last but not least salability; he 
must also make use of certain standard frames, standard 
coils, standard molds, standard winding forms, certain 
available machines, etc., etc. 

The completed design is, necessarily, the result of a 
number of judicious compromises ; preliminary assumptions 
of the values of several fundamental quantities must be 
made; and upon the judgment here exercised, depends 
very largely the value of the design. 
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Given the kilowatt capacity, the voltage at no load and 
full load, allowable temperature rises and the requirements 
of the service to which it is to be adapted, we next decide 
upon the speed. 

(A) Speed 

If the machine is very smaU, and we desire to make it 
bipolar in order to take advantage of cheap construction, 
on account of the simpUcity of the frame and the compact 
form of armature, a high speed is desirable. The machines 
of larger capacity are now always made of the multipolar 
type, even though the speed may be high, owing to the 
ease with which the armature can be ventilated and the 
relatively small amount of material and space required for 
their frames. The advantages of multipolar over bipolar 
dynamos are about as follows : 

(1) Multipolar machines have a more compact and sym- 
metrical form, because the component parts of the magnetic 
circuit are much smaller than on a bipolar machine, and are 
€venly spaced around the armature. In a two-pole machine 
the armature must carry one-half the total flux, while in 
a four-pole machine the armature cross-section is only 
required to carry one-fourth the total flux, hence the 
radial depth need be only one-half as great, thus reducing 
the weight of the armature. In an eight-pole machine 
the yoke carries only one-eighth of the total flux, etc. 
Owing to this subdivision of the flux, the weight of the 
multipolar magnet frame is much less than that of a two- 
pole machine. 

(2) By the multipolar construction a saving in weight 
of material is effected in the field magnet as well as in 
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the annature due to this subdivision of the magnetic 
circuit. 

(3) The ventilation of the armature is much better, 
since there are as many openings as there are poles; also 
since a nmnber of small cores have a greater surface than 
one large core the dissipation of heat is facilitated, so that 
under the same conditions multipolar machines run cooler 
than bipolar ones. 

(4) The individual parts of the field frame, the field 
coils and the armature coils are much smaller and more 
easily handled in the multipolar than in the bipolar type. 

(5) As a result of armature reaction it becomes neces- 
sary to limit the armature strength at full load to such 
an amount that it will not interfere too much with the 
amount and distribution of the magnetic flux due to the 
field magnets. Experience shows that in ordinary machines 
the best results are obtained when the armature strength 
at full load is limited to from 5000 to 8000 ampere turns 
per pole. This means that for machines of any consider- 
able capacity, several poles will be required. 

Assmne a certain speed in accordance with Tables I, 
II, and III. 

TABLE I 
High-speed Belted Dynamos 

Kilowatt Capacity. Revolutions per Minute. 

1 1200 to 3000 

3. 1000 to 2000 

10 950 to 1900 

20 900 to 1600 

40. 750 to 1300 

60 650 to 1100 

100 550 to 800 

300 400 to 500 

500 350 to 400 
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TABLE II 
Low-speed Belted Dtnamos 

Kilowatt Capacity. Revolutions per Minute. 

1 700 to 1300 

3 650 to 1200 

10 600 to 1000 

20 500 to 900 

40 475 to 700 

60 450 to 650 

100 400 to 600 

300 350 to 450 

500 300 to 350 

TABLE III 
Direct-connected Dynamos 

Kilowatt Capacity. Revolutions per Minute. 

10 325 to 500 

20 275 to 400 

40 200 to 350 

60 150 .to 300 

100 120 to 275 

500 75 to 125 

1000 70 to 125 



(B) Number of Poles 

If, for reasons already given, a multipolar field magnet 
has been adopted, the best number of poles must next be 
decided upon. This is a question (1) of limiting the arma- 
ture reaction to from 5000 to 8000 ampere turns per pole. 
(2) Of selecting a size and number of field coils, cores, etc., 
convenient for making and handling. (3) Of limiting the 
number of magnetic reversals occurring in the armature 
core. Direct-current machines are usually designed so 
that the frequency (pairs of poles X revolutions per second) 
lies somewhere between 10 and 35 cycles per second. This 
limits the number of poles, the object being to reduce the 
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core losses due to hysteresis and eddy currents, the former 
varying approximately as the 1.6 power and the latter as 
the square of the frequency. The lower frequency of 
about 10 or 15 cyles per second applies to low-speed machines 
for dkect connection to engines and the higher frequency 
of 30 or 35 cycles is adopted for high-speed belt-connected 
machines. 

The relation of the number of poles, to capacity, which 
conforms with modem practice, is indicated by Table IV. 

TABLE IV 
Capacity and Number op Poles 

Type. Kw. Output. No. of Poles. 

High-speed belted to 10 2 

to 100 4 

'' *' 60to 500 6 

Low-speed belted to 300 4 

10 to 300 6 

100 to 500 8 

Direct-connected Oto 50 4 

10 to 300 6 

100 to 400 8 

200 to 800 10 

300 to 1500 12 

800 to 3000 16 



(C) Diameter and Length of Armature 



(U n2T (36)(l(y)(L5 + VM^ ,-p , 

(1) LfiL = — — , (Press) 

r.p.m. 

where D = diameter of armature in cm. 

L = length of core in cm. 

The above very excellent formula for D^L is taken from 
Press's book on dynamo design. It is based upon curves. 
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(Press, " Dynamo Design/' page 6), which show the rela- 
tionship between capacity and a design coefficient, Sy 
which has a definite physical meaning. It is proportional 
to the temperature rise and the specific radiative capacity 
and inversely proportional to the factor giving the armature 
loss, and the entire loss of efficiency of the machine. The 
value of this design coefficient is 

/(100-T)) ' 

where t;= radiating constant for temperature rise to 
t = final temperature rise; 
/=factor of total loss due to energy transformation 

giving loss radiated by armature ; 
iQ= efficiency; 

e = ratio of D to L divided by the number of poles. 
The capacity of the machine in watts is then, 

W = SD^L{r.p.m.). 

Press, in his book on '^ Dynamo Design '' has given curves 
showing the relationship between W and S for a permissible 
temperature rise of 40° C, based upon the results of previous 
designs. 

<'' ^^° (.064)(r.p.m.) ' (Thompson) 

where D - diameter of armature in feet, 

L = length of core in feet. 

The above formula was taken from S. P. Thompson's 
book on *' Design of Dynamos '' and as in Press's book he 
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• 

puts the capacity of the machine equal to a coeflScient times 
the quantity Z)2L(r.p.m.), where the coeflScient is a sort 
of a mean, and will be greater for machines of greater 
specific output, therefore larger in the case of large modern 
machines than for small or old types. The above formula 
is given so that it may be used as a check on the others. 
It is not expected that any of them will give exactly the same 
results. It is expected that after D and L have been obtained 
by three different formulas and checked by tables conform- 
ing with modern practice that the student will be enabled 
to obtain reasonable values for D and L at the outset and 
thus avoid making several re-designs before suitable values 
are finally obtained. 

Steinmetz was the first one to point out the relationship 
existing between the product of the diameter of the iron 
core into its length and the capacity output of the machine 
multiplied by a certain coefficient ; or in symbols 

kw ' 

where C = the Steinmetz coefficient. 

The constant C will not vary very widely from 3 where 
D^and L are both given in inches. In large modem machines 
C will go down to from 1.8 to 2.3 and in small and slow-speed 
machines will go up to from 4 to 6. 

The watts per square inch that can be radiated per 
unit of peripheral speed is practically a constant quantity, 
and since the volume of a given armature varies as the square 
of the diameter and directly as the length, D^L and not 
DL should be multiplied by a coefficient in order to get an 
empirical formula connecting the output of the armature 
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with its dimensions. Thompson, Press, Arnold and others 
all do so. 

(3) ^ = .455p, (Press) 

where p = number of poles. 

The above formula is based on square pole shoes. If 
the pole shoes are square and if they cover 70 per cent of 
the surface of the armature then the length of core is, 

J .7%D 
V 

Solving the above equation we get, 

Y = .455p. 

Obviously a small length of armature turn is to be sought 
after as well as square pole shoes, as it means less armature 
resistance and hence less copper loss. However, this con- 
dition will not very materially change the ratio of D to L, 
so that in most cases the ratio obtained by the above 
formula will not be far off. 

where p = number of poles. 

The above is another empuical formula given by Press 
involving the number of poles. It is given so that it may 
be used as a check on what has gone before. 

(5) D. («("> 



(x)(r.p.m.)' 
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where 5= peripheral speed of armature in feet per minute, 
,L would then be determined from the values obtained 
above for D^L. 

TABLE V 
Periphekal Speed of DmEcr-cuRRENT Armatures 

Class. Peripheral Speed {S). 

High-speed belted 3000 to 5000 

Ix)w-speed belted 2000 to 3500 

Direct-connected 1200 to 3000 

The e.m.f. of a dynamo is proportional to the velocity 
of the moving conductors. The output of a dynamo can 
be increased by shnply increasing its speed. It would 
therefore seem advisable to run the machine at as high a 
speed as possible. 

The speed is Umited because of the friction m the bear- 
ings and the strain in the revolving parts due to centrif- 
ugal force; also because that part of the heating of the 
armature caused by the hysteresis and eddy current losses 
in the iron core must be kept within reasonable limits. 
Furthermore, if the number of revolutions are fixed 
by the speed of the engine or otherwise, the diameter 
of the armature is proportional to the peripheral velocity 
and an abnormal diameter may be obtained by using a 
high peripheral speed. Values near the upper limits are 
chosen for high-speed machines in which the selection of 
a low peripheral speed would result in too small an armature 
diameter and a consequent inadequate cooling surface. 
Values near the lower limits, on the other hand, are chosen 
for low-speed machines, because too large a peripheral 
speed would excessively increase the diameter of the arma- 
ture and would bring the size of the entire machine out of 
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proportion to its output. Table V will serve as an excellent 
guide for the unexperienced designer in selecting a proper 
peripheral speed. 

In general, it is advisable to select a value near the average 
of the two values given for S for the particular class under 
consideration, as this will give results that will conform 
closely with those usually used in practice. Tables VI and 
VII should be used as a check on both D and L and on the 
ratio of D to L. 

TABLE VI (Estbrune) 
Diameters of Belted Armatures 



Kilowatt 
Capacity. 


Diameter in 

Inches 

(Mean). 


Ratio of 
Length to 
Diameter 

(Mean) . 


Kilowatt 
Capacity. 


Diameter in 

Inches 

(Mean). 


Ratio of 
Length to 
Diameter 
(Mean). 


1 
1 

10 
20 
50 


7 

9 

11 

14 

21 


.65 
.63 
.62 
.59 
.52 


100 
150 
300 
500 


29 
34 
44 
54 


.44 
.40 
.38 
.32 



TABLE VII (Esterline) 
Diameters of Direct-connected Armatures 



Kilowatt 
Capacity. 


Diameter in 

Inches 

(Mean). 


Ratio of 

Length to 

Diameter 

(Mean). 


Kilowatt 
Capacity. 


Diameter in 

Inches 

(Mean) . 


Ratio of 

Length to 

Diameter 

(Mean). 


15 

50 

100 

200 


22 
27 
34 

47 


.25 
.25 
.22 
.22 


500 
1000 
1400 


80 
112 
130 


.20 
.16 
.15 



An average of the values obtained above for D and L 
will usually give a well-proportioned machine. Adjustments 
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of the ratio of D to L, as well as many other points in the 
design, will have to be made as the work proceeds in order 
to get certain desired proportions and results. 



(D) Breadth and Circumferential Width of Pole 

A very good proportion is to make the breadth of the 
pole core, TF, equal to the length of the armature core, L. 




Fig. 1. — ^Pole Piece of a Direct-current Djrnamo. 

Assuming a certain percentage of the armature surface, 
(usually about 70 per cent in new designs), to be covered 
by the pole shoes we can at once get TF2, the circumferential 
width of the pole. Another excellent proportion is to make 
TFi =W. If a round pole core is used the diameter should 
be very nearly equal to L. 

Another excellent form for the pole core is one whose 
section is a circle with a rectangle in the center. The 
length of the rectangle is equal to the diameter of the circle 
and should also be equal to the length of the armature 
core, L. 

It can be used to advantage where it is desired to make 
the over-all diameter of the machine so small, that it is 
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impossible to have round or square pole cores. The advan- 
tage over the rectangular type is, of course, the saving in 
field copper due to the shorter mean length of turn. 



(E) Flux 
Assume an air-gap density in accordance with table VIII. 

TABLE VIII 
Ant-GAF Densities in Gausses 



Kilowatt 
Capacity. 


Cast-iron 

Poles 
(Sq.cm.) 


Steel or 

Wrought-iron 

Poles (Sq.cm.) 


Kilowatt 
Capacity. 


Cast-iron 

Poles 
(Sq.cm.) 


Steel or 
Wrought-iron 
Poles (Sq.cm.) 


1 

5 

10 

50 


3500 

4000 
4300 
5000 


5000 
5500 
6300 
7800 


100 
300 
500 


5500 
5800 
6800 


8t)00 

8500 
9500 



Where the machine is to be used for electrolytic work 
values somewhat less than the above should be used. 

• 

It is desirable that such a value be chosen for the air- 
gap density as will practically saturate the teeth in order 
to minimize the distorting effect of the armature reaction 
on the field. In selecting the values of the air-gap densi- 
ties, the imexperienced designer must be guided by present 
practice. Owing to the fact that the magnetic quality 
of commercial irons has been greatly improved within the 
last few years, machines are now designed with very much 
higher flux densities than formerly. The values given in 
Table VIII correspond with present usage, and is the aver- 
age air-gap density. Care must be taken not to attempt 
to oversaturate the teeth. 



(6) 



^ = (W2)(W)(B), 
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where 4) = flux per pole ; 

Tr= breadth of pole core; 
TF2 == cu'cumf erential width of pole shoe; 
B = ah--gap density. 

(F) Number of Inductors 

(JS?)(10«)(p') 



(7) Z^ 



{n){p)i^) 



where Z =No. of inductors on the armature* 
p= No. of poles; 

p' = paths in parallel in the armature ; 
(j) = flux per pole ; 

^ = no load e.m.f . of the machine ; 
n = revolutions per second. 

Choose a value of Z as near the calculated value as pos- 
sible, which will, be divisible by numbers which in your 
judgment would be likely to be the nmnber of inductors 
per slot and which will also permit you to use a reasonable 
nmnber of slots which should be a multiple ± 1 of the nmn- 
ber of poles. ^ may then be adjusted accordingly. The 
number of slots should be taken as large as possible because 
of the better results obtained from deep and narrow slots 
than from shallow and wide ones. When a toothed arma- 
ture is placed in a magnetic field the lines of force concen- 
trate toward the teeth in bunches and thereby destroy 
the imiformity of the field. If the armature is revolving 
these bunches of lines of force will be carried along by the 
teeth imtil a position is reached in which the Hnes have been 
distorted to such a degree that the reluctance of their path 
has reached the maximum value the magnetomotive force 
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of the field is able to overcome. They will then snap back 
into the tooth which is following. As a result of this chang- 
ing over from one tooth to the next an oscillation of the 
lines of force is set up which induce eddy currents in the 
teeth and in the pole faces. In order to prevent excessive 
heating from this cause the teeth should be made nimierous 
and narrow. In practice it has been foimd that the length 
of the air-gap should bear a certain definite relation to the 
width of the slot. The slot should not be more than from 
2 to 4 times the radial length of the air-gap. If the field 
density is high and if the teeth are pretty well saturated, 
rather wide slots may be used. Here again the imexperi- 
enced designer must be guided by commercial practice. 
Table IX indicates good practical limits of the number of 
slots for armatures of different diameters. 

A very large niunber of types of armature windings 
have been devised. Whole books have been written on 
this subject alone. Commercial practice, however, has 
narrowed down to a few very simple windings. It is 
assmned that the student is familiar with the two usual 
types of windings, i.e., lap windings and wave windings. 
If not a special study of these two types must be made at 
this point before the work is proceeded with. The general 
form of either one may be foimd in any one of several text- 
books. 

The niunber of paths, p', in parallel in the armature 
depends on the type of winding used. If a wave winding 
is used there is almost always, though not necessarily, two 
paths in parallel through the armatiure regardless of the 
nmnber of poles. 

The niunber of slots, coils per slot, and poles will quickly 
determine the geometrical construction. Certain com- 
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binations require the omission of one commutator bar. 
Others require the omission of a coil. Still others cannot 
be wound at all. It is entirely a question of a geometrical 
construction which will work out. As a rule this can best 
be worked out by arranging a table of slot nimibers. Only 
two brushes are required with a wave winding, although 
there may be as many as there are poles. The wave winding 
is quite generally used on railway motors on account of the 
inaccessibility of the lower brushes. It is often used on 
small motors, especially the 220-volt and 500-volt machines. 
It is seldom used on generators of any size. Sometimes the 
same set of coils are wave wound on a four-pole machine 
for 220 volts and lap woimd for 110 volts. 

With a lap winding there are usually as many paths in 
parallel as there are poles, though there may be two or more 
times this niunber. There must be as many brushes as 
there are poles. The general form of the winding may be 
obtained from any one of several text-books or from your 
hand-books. The single lap winding in which there are 
as many paths as there are poles is the most generally used 
tjrpe of winding. 

(G) Number of Slots and Commutator Bars 

The number of slots should divide into the inductors an 
integral and preferably an even number of times. Other- 
wise there will be an odd number of wires per slot and if the 
slot is of such a width as to accommodate say two wires, 
the space can be utilized more economically if there are an 
even number of inductors per slot. It is usually easier 
to get more combinations of number of wires per layer and 
number of layers with an even number than with an odd 
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one. The slots should also be a multiple ± 1 of the number 
of poles. If there are a fractional number of slots per pole 
the pitch of an armature coil will necessarily be a little more 
or less than the pole pitch. Therefore, one coil-side will 
pass from under the influence of a pole a little after or before 
the other coil-side. Its e.m.f. is, therefore, changed more 
gradually. The total air-gap reluctance will also vary less 
as the armature revolves, if there are a fractional number 
of slots per pole. 

TABLE IX. (Esterline) 
Number op Armature Slots 





Number of Slots. 


Diameter of Armature in Inches. 


Min. 


Mean. 


Max. 


10 


25 
50 
75 
95 
125 
175 


45 
90 
125 
160 
220 
300 


75 


20 


135 


30 


196 


40 


240 


60 


325 


100 


450 







The number of commutator bars will be either equal to 
or a multiple of the number of slots unless there are one or 
more dead coils, which is very unusual. Use 30 to 60 com- 
mutator bars per pair of poles for machines up to 250 volts. 
Use 60 to 90 commutator bars for machines from 250 volts 
to 600 volts. Wiener gives the following formulae for the 
Tni ninminn number of commutator bars. 

For over 100 amp. per path 



(8) 



NcixDm.) = -2Q-. 



i 

1 



X 
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For 50 to 100 amp. per path 
(9) Ncirmn.) =^^' 



21* 



t For 20 to 50 amp. per path 

41 



j (10) Ncimin.) =^. 



For 2 to 5 amp. per path 
(11) i\rc(min.) =^, 

where iVc =No. of commutator bars; 

p' =No. of paths m the armature. 

The above determinations fix the number of armature 
coils, number of slots, number of turns per coil and number of 
commutator bars. 



(H) Dimensions of Armature Inductors 



j Find the required dimensions of the armature inductors 

by Formula (12) and see if they 6an be placed in the space 
available. Assume a certain percentage shunt field current 
s»^ in accordance with Table X, and add to this the total full- 

load current output in order to get the total armature 
current. The current /«' in one path will be the total 
current output / divided by the number of paths in the 
armature. 
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TABLE X. (Esterune) 

Shunt Field Current 
(Per cent of full-load current) 



Kilowatt Capacity. 


Shunt Field Current. 


Kilowatt Capacity. 


Shunt Field Current. 


.25 


9 


100 


2.05 


1.0 


6.4 


200 


2.0 


5.0 


4.5 


600 


1.48 


10.0 


3.75 


1000 


1.3 


20.0 


3 


2000 


1.15 


40 


2.4 







(12) Dc^^KIJ, 

where Dc - diameter of annature inductor in mils ; 
D? = area in circular mils ; 
iS: = number of circular mils per amp. assumed. 

For high-speed well-ventilated armatures, £^=450 to 
550. For low-speed well-ventilated armatures, ^=550 to 
650. For poorly ventilated armatures, K = 750 to 850. 

If the inductors are roimd, the insulation should consist 
of at least a double cotton covering. The dimensions of 
the insulated wire may be obtained from a wire table. If 
rectangular conductors are used allow at least 14 mils for 
insulation around the individual inductors. About ^ of 
an inch should be allowed on either side and the bottom of 
the slot for insulation. There should be placed around 
each assembled coil at least one layer one-half overlapped 
of 7-mil tape. In addition to this there is often placed on 
that portion of the coil which is in the slot a wrapping 
consisting of one and one-half turns of about 6-inil empire 
cloth or its equivalent. This wrapping should extend about 
one-half an inch beyond either end of the armature core. 
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This wrapping is, of course, put under the cotton or linen 
tape referred to above. The assembled coil is then dipped 
in armalac or some other good insulating varnish. 

The proper sectional area of the slots is obtained by 
making the depth of the slot from 2^ to 4 times its width, 
according to the size of the armature, the lower value 
referring to very small machines and the larger one to the 
larger machines. The magnetic density in the teeth must 
not oversaturate them, and on the other hand they must 
be pretty well saturated in order to minimize the effects of 
armature reaction and make good commutation possible. 




Fig. 2. 



In order to get the average length of one turn of a coil 
lay the coil off to scale, as indicated by Fig. 2. Making 
a suitable allowance for the length of connections to the 
commutator calculate the length of conductor in each coil. 
The total length of conductor on the armature will then 
be the number of coils times the length of wire in each coil. 
The resistance of the armature, Ra, will then be 



(13) 



Ra — 



resistance of all the wire in series 

paths^ 
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Angle cc varies all the way from 25° to 50°; 30° k a 
very good value. 

The heat loss in the armature will be IJ^Ra and the volt- 
age drop at full load will be 

(14) n=/X. 



(I) Iron Losses in the Armature 

where Ac = cross-section of the armature core below the teeth ; 
Be = magnetic density in the armature core. 
The magnetic density in the core below the teeth should 
not exceed 70,000 lines of force per square inch; 60,000 
to 65,000 are very good values. 

= -^ 



(16) Depth of core below teeth = 



The length and width of the teeth, the area of the core 
below the teeth and the length of the armature beii^ 
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Fig. 4 — Detail o! Arniitture Slot and Coil Insulation. 



Fia. 5. — Spherical Type Direct-eurrent Motor. (Electric Machinery Co.) 
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known, the volume of the core in cubic inches may be 
calculated. 

(17) Wc^{Vc){.277), 
where W^ = weight of core in lbs. ; 

Vc^ volume of core in cu.in. 

There are two sources of iron losses in the armature. 
These som-ces are, first, the energy spent in continually 
reversing the magnetism in the armature core as the arma- 
ture revolves. It is called hysteresis. Second, that used 
in setting up useless currents in the iron. It is called eddy 
current loss. 

Although a number of very eminent scientists wrestled 
for years with the proposition of hysteresis, it remained 
for an engineer of om* time to establish the laws. In 1892, 
Mr. C. P. Steinmetz gave out the results of his experiments, 
showing that the energy dissipated by hysteresis varies 
directly as the frequency of the reversals, directly as the 
total mass of iron, and approximately, as the 1.6 power 
of the magnetic density. This law he expressed by the fol- 
lowing empirical formula: 

(18) P. = (iB^>, 

where Pn - hysteresis loss in ergs ; 

\k = coefficient of hysteresis ; 
/= frequency in cycles per second; 
F= volume of iron in cu.em. 

The coefficient of hysteresis depends upon the physical 
and chemical qualities of the iron. ' For good armature 
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iron it varies from .0012 to .0020; A fair value for good 
iron is .0015. 

Reducing to practical units and inserting .0015 for ;ji 
we get, 

(1.24)(Be^-')(/)(F.) 



(19) Pc = 



1010 



where Pc= hysteresis loss in the portion of the armature 

below the teeth; 
5c = magnetic density in lines per square inch; 
Vc = volume in cu.in. ; 
/= frequency in cycles per sec. 

(20) ^-'-^^^. 

where P< = hysteresis loss in watts in the teeth; 

-B< = average density in the teeth; 
Vt = volimie of the teeth. 

(21) Pa=Pc+Pl, 

where Pa — total hysteresis loss in the armature. 

From his experiments Steinmetz also found that the 
energy consumed by eddy currents induced in a body of 
iron varies as the square of the magnetic density, as the 
square of the frequency and in direct proportion to the 
volume of the iron. This he expressed by the following 
empirical formula: 

(22) Pe = T)(B)2(/)2(7), 

where Pt = eddy current loss in ergs ; 

T) = eddy current constant. 
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depending upon the thickness and the specific electrical 
conductance of the material. For the numerical value of 
this constant Steinmetz gives the following formula: 

(23) Y) =4(PY10'^ = 1.645d2n0"^ 



where d = thickness of iron laminae in cm; 

Y = electrical conductivity in mhos ; 

Y = 100,000 for ordinary armature iron. 

Inserting the value of tj with reference to iron and reducing 
to practical units the following formula is obtained : 

roA^ p, (4.2)W(g.)^(/)^7c 

{z^) re - jQji , 

where P/ = eddy current loss in that portion of the arma- 
ture below the teeth in watts ; 
d = thickness of iron laminations in inches (.014 is a 
fair value); 
5c = magnetic density in the armature below the 
teeth ; 
/ = frequency of reversals in cycles per second ; 
Ve = volume of core below the teeth in cu. ins. 

(25) J,, J4.2){(P){B,nmV,) 



11 



10 



where P/ =eddy current loss in the teeth in watts; 
Bt = average density in the teeth ; 
Vt = volume of the teeth in cu. in. 

(26) P/=P/+P/, 



DIRECT CURRENT DYNAMOS 25 

where Pa = total eddy current loss in the armature. 
(27) Pa"=Pa+P/, 

where Pa" = total iron loss in the armature. 

The American Society for Testing Materials have made 
a number of experimental determinations of the core losses 
in various armatures and have published curves in their 
proceedings which show the relationship between the losses 
per unit volume of the iron and the product of kilo-gausses 
and frequency. The author believes it is better for the 
student to work out the losses by means of the above 
formulas as he will then get a definite idea as to just how the 
iron losses are distributed between the various parts of the 
magnetic circuit, and also just what proportion of them are 
due to hysteresis and to eddy currents. 



(J) Temperature Rise of the Armature 

The amount of the total energy consumed in an armature 
is la^Ra+PA^ The amount of heat liberated depends upon 
the area of its radiating surface, upon its circmnferential 
velocity and upon the ratio of radiating area to the pole 
area. 

As a result of a very elaborate series of tests made at 
Cornell University the following conclusions were drawn. 
(See Transactions A.I.E.E., Vol. X, page 349.) 

1. An increase of the temperature of the armature 
causes an increased radiation of heat per degree rise in tem- 
perature, but the ratio of increase diminishes as the tem- 
perature increases, and an increase of the amount of heat 
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generated in the armature increases the temperature of 
the armature, but less proportionally. 

2. An increase in the peripheral velocity increases the 
amount of heat liberated per degree rise in temperature, 
but the ratio of increase becomes less with higher speeds. 

3. The effect of the field poles is to prevent the radiation 
of heat. 

Mr. Alfred E. Wiener, by combining these results with 
data and tests of various machines found the values given 
in Table XI. 

TABLE XI 
Specific Temperature Rise in Armatures 



Peripheral velocity in feet 
per second = Yp, 





10 

20 

30 

40 

50 

75 

100 

150 



Temperature rise per unit of energy loss, in 
degrees C. =(«. 



Ratio of pole area to total radiating surface. 



8 



110° 
80 
64 
55 
50 
48 
47 
46 
45 



.7 


.6 


.5 


.4 


100° 


95° 


90° 


86° 


74 


70 


67 


64 


61 


58 


56 


54 


53 


51 


49 


48 


48 


47 


46 


45 


47 


46 


45 


44 


46 


45 


44 


43 


45 


44 


43 


42 


44 


43 


42 


41 



83° 

62 

52 

46 

44 

43 

42 

41 

40 



The product of the specific temperature increase and the 
specific loss gives the rise in temperature. 



(28) 
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where 7'„=rise in temperature of armature in degrees 

centigrade; 
^=specific temperature increase, 
Sa = total radiating surface of armature in square 
inches. 

Pa'+Ia^Ra = total energy loss in the armature, 

Pa -\-Ia Ra .n 1 

5 = specific energy loss. 

The radiating or cooling surface of an armature is that 
portion of its superficial area which is in direct contact with 
the surrounding air. The shape and construction of the 
armature and the size and arrangement of the field determine 
this radiating portion of the armature. 

(29) Sa^S+Si+S2+S3, 

where 5= external cylindrical surface of the armature in 

square inches ; 
Si = internal cylindrical surface of the armature core 

in square inches ; 
^2= radiating surface of the core and conductors at 

the two ends of the armature; 
S3 = radiating surface presented by one side of a 

ventilating duct. 

,3^. y __ SV+SiVi+S2V2+S3Vs 

SH-01 + O2+03 

where Fp= average peripheral velocity of the radiating 

surface of the armature; 

V = peripheral velocity of S; 

Vi = peripheral velocity of Si; 

V2 = peripheral velocity of S2 ; 

V3 = peripheral velocity of S3. 
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If the temperature rise does not come up to nearly the 
specified value, the current density in the armature inductors 
may be increased. If the temperature rise is too high it 
will be necessary to either increase the area of the armatiire 
inductors, or increase the radiating surface by putting in 
more air ducts, or by doing both. 



Fia, 6. — Armature of a Direct-current Dynamo. (Electric Machinery Co.) 

The Standardization Committee of the American Insti- 
tute of Electrical Engineers recommends that the maximiun 
temperature elevation of the field and armature should be 
50° C, of the commutator and brushes 55° C, and of the 
bearings and other parts of the machine 40° C. 



(31) 



(K) Commutator and Brushes 

(■Tc)(r.p.m.)' 



where D( = diameter of commutator in inches; 

7* = peripheral velocity in feet per minute. 
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The peripheral velocity of the commutator should not 
exceed 3500 feet per minute; about 2200 feet per minute 
being a good average value. 

On the other hand the diameter should be such that the 
segments will present a sufficient surface to the brushes and 
yet not be so wide as to require an excess of copper or brushes 
of imusual dimensions. 

If we confine ourselves to the simple case, in which a 
brush is never in contact simultaneously with more than 
two segments and neglect the influence of neighboring 




Fig. 7. 

wires which may be undergoing commutation at the same 
time imder another brush, we can easily see why the effects 
of self-induction of the short-circuited coils is the stumbling 
block to sparkless commutation. 

Assume that the short-circuited coil has no self-induc- 
tion and that commutation occurs in the magnetic neutral 
axis. Let the width of the brush be that of one segment. 

•The current I flows from the external circuit to the 
brush and there divides into two parts. Just before the 
coil 6b reaches the position of short circuit it is carrying 
a current of §7 in one direction. During the time ab is 
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short-circuited which is equal to the time required for one 
segment to pass imder the brush this current must change 
from J/ in a given direction to ^I in the opposite direction. 
Practically all of the resistance in the circuit through the 
short-circuited coil ab is that due to the contact resistance 
of the brush with the commutator segments. If we let 
Ri represent the contact resistance of the brush and the 
segment coming imder it, R2 the contact resistance of the 
brush and the segment leaving it, and R the contact resist- 
ance of the whole brush, then evidently. 



T T 

Ri =/t"--, R2 =/t* 



where T = the time of commutation, 

t = the time, taken from the moment of short-circuit. 

Evidently when t = \Tj Ri and R2 are equal and ii =1*2; 
when < = 0, ii=0, and t2=/; when t = Ty ii=I and t2=0. 
The area of contact and therefore the resistance of the trail- 
ing tip of the brush is proportional to T—t. Since both the 
current and the contact resistance are proportional to 
T—t, it follows that the current density in the trailing tip 
is constant. There is, therefore, no sparking, since the 
current in the trailing tip decreases uniformly, and when 
the brush leaves the segment has fallen to zero. 

However, conditions are not as outlined above, because 
the short-circuited coil produces lines of force which collapse 
as the current decreases and are re-established in the oppo- 
site direction as the current builds up in the reverse direction. 
ii is no longer equal to in when the t = ^T, but at a much 
later time. Therefore, the current density in the trailing 
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tip increases due to the self-induction of the short-circuited 
coil during the period of short-circuit. 

In order to obtain sparkless commutation it is there* 
fore, necessary to place the brushes in such a position that 
when the coil ab reaches the position of short-circuit it shall 
have just arrived in a field of such a direction and strength 
as to be able to induce an e.m.f. in it which will just counter- 
act the e.m.f. of self-induction due to the current changing 
from +|/ to — |/. It is of prime importance to reduce 
the self-induction of the coils as much as possible. For 
this reason armature slots are open and coils of as few turns 
as possible are used. It further shows the unfavorable 
effect of high speed in reducing the time available for 
commutation. This may be counteracted by using wide 
brushes but here again are limitations because the more 
segments we cover with a brush the more coils we short- 
circuit. A brush should be at least as wide as one segment 
in order to lengthen the time of commutation. However, 
it is usually found necessary to make it considerably wider 
than one segment in order to. get the necessary brush area, 
without making the commutator any longer than is neces- 
sary in order to provide suflficient radiating surface. It 
also follows from the above that carbon brushes are usually 
preferable to copper brushes. Carbon brushes have more 
contact resistance and a lower current density than copper 
brushes. There is, therefore, a lesser variation in current 
density in the traiUng tip under unfavorable conditions. 
In electrolytic generators, however, where the currents are 
very large and the pressure small, carbon brushes cannot 
be used on accoimt of the pressure drop which they will 
introduce. 

The number of segments to be used varies with the design 
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and the style of winding used. The allowable difference 
of potential between the commutator segments is governed 
by the reactance voltage of the coils short-circuited, and 
varies from 20 volts or more in small 500-volt machines 
to 2 volts or less in very large 110-volt machines. Use 
15 to 30 segments per pole for machines from 110 to 250 
volts. Small 4-pole 110-volt machines may have as few 
as 10 segments per pole. Use 30 to 45 segments per pole 
for 400- to 600-volt machines. Machines used for elec- 
trolytic work, where a large current at a very low voltage 
is desired, often have only 6 to 10 segments per pole. 

The voltage reactance of the coils short-circuited by a 
brush should not exceed two-thirds of the average voltage 
between segments, otherwise the brushes will have to be 
shifted too far forward in order to get the short-circuited 
coils into a sufficiently strong conmiutating field. In fact, 

« 

with more than 50 per cent overload it would be impossible 
to find a conmiutating field even under the influence of a 
pole. The insulation between the segments varies from 
25 to 40 mils, that below the segments from 60 to 120 mils, 
and at the ends of the segments from 90 to 130 mils. 

Assmne that a brush will cover from 2 to 4 segments 
depending principally on which nmnber will give you a 
good width of brush. Assume a current density of from 
25 to 40 amps, per square inch of brush contact. 

(32) Ai,- ^° ^^ 

current density' 

where -4.6 = area one set of brushes. 

(33) ^»=-^th' 
where L^ = length of one set of brushes. 
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Divide the above length up between a suitable number of 
brushes. 

The length of the commutator will then be the width 
of the set of brushes plus a proper allowance for space 
between the brushes and for staggering. 

The ohms per square inch of brush contact may be 
obtained from Table XII. 



TABLE XII 
Brush Contact Resistance 



Pounds per Square 
Inch. 


Ohms per Square Inch 

of Brush Contact 

when Current 

Density is 30 Amps. 

per Square Inch 
( + and — contact) 


Pounds per Square 
Inch. 


Ohms per Square Inch 

of Brush Contact 

when Current 

Density is 30 Amps. 

per Square Inch 

( + and — Contact) 


.6 
.8 
1.0 
1.2 
1.4 
1.5 


.086 
.078 
.071 
.066 
.062 
.066 


1.6 
1.8 
2.0 
2.4 
2.8 
3.0 


.058 
.056 
.053 
.050 
.049 
.049 



(34) 



Rb = 



Rb 

17' 



where fij = resistance of one set + and one set of— brushes 

in series; 
Ai, = area in square inches of the brushes in one set. 

The drop in voltage due to the brush contact resistance will 

be: 

(35) E, = {Ia'){2)(R,), 

« 

where E^ = drop due to brush contact ; 
la = current per path. 
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The resistance between the commutator and the ter- 
minals of the machine will be (not including the series field 
and neglecting the lead wires which offer practically no 
resistance) : 

op 

(36) R,"^^ 

where s =number of " sets " of brushes; 

7Jj"s= total brush contact resistance (practically is the 
resistance from the commutator to armature 
terminals). 

The PR loss in the brush contacts will then be, 

(37) W.'^Ia^R,", 

where /«= total armature current; 

Wh = watts lost in brush contact resistance. 

,... ^ , (y ) (A.0 h:) iPc ) ( g) (746) (r.p.m.) 

^"^^^ ^'^ (12)(33000) 

where W/ =loss in watts due to brush friction; 

6'= brush pressure in lbs. per square inch (varies 
from 1 to 3. 1.5 is a good value) ; 
Ai! = total contact area of the brushes; 
Dc = diameter of the conmiutator in inches ; 
a = coefficient of friction (0.3 is a fair value for 
carbon brushes). 

(39) Tr6 = w+Tr/, 

where Wj, = total brush losses in watts. 

So much copper has to be provided to make the commu- 
tator wear well that the PR losses in the commutator are 
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negligible. TT^ therefore practically represents the losses 
between the commutator connections and the terminals 
of the machine, not mcluding the series wmdings. 

The temperature rise of the commutator in degrees C. 
above the air will be, 



(40) 



1 e— q tc, 



where Sr= radiating surface of the commutator brushes 

and brush-holders in square inches; 
te = rise of temperature per unit of specific energy. 
(See Table XIII.) 

TABLE XIII 
Specific Temperature Rise op Commutators 



Average Peripheral 
Velocity of 5^. in 

Feet per Minute. 


Rise of Temperature 

per Unit Specific 

Energy Loss in 

Degrees C. — t^. 


Average Peripheral 
Velocity of Sg in 

Feet per Minute. 


Rise of Temperature 

per Unit Specific 

Kncrgy liOas in 

Degrees C. =/c- 


600 

900 
1200 
1500 
1800 


38 

35 
32 
30 
29 


2100 
2400 
3000 
3600 


28 
27 
26 
25 



If the temperature rise exceeds 55° C. for continuous 
operation at normal load, the radiating surface should be 
increased either by increasing the outside diameter, by 
making the commutator hub hollow, or increasing the length. 



(L) Reactance Voltage 

A large number of experiments by Hobart on a number 
of machines showed that an armature coil in the point of 
the field in which it is ordinarily commutated will set up an 
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average of 20 maxwells per ampere turn per inch of gross 
length of the armature core. 

(41) (|>. = (L)(20)(2)(n)(0, 

where <|)r= total flux linked by the short-circuited coils; 
n= number of coils short-circuited by one brush; 
«= number of turns per coil; 
L =length of armature core in inches. 

The factor 2 is inserted because there are two coils 
appearing in the same slot short-circuited by adjacent 
brushes at the same instant, and the flux set up by both is 
hnked by the turns of either. 

The inductance in henrys of the short-circuited coils 
will then be, 

<J>r« 



(42) A = 



108' 



where h = induction in henrys; 

t =n\unber of turns per coil. 

The time during which a reversal takes place is that 
required for one commutator segment to pass under a brush 
and is, 

(43) _TO(60)_ 

^ ^ (x)(De)(r.p.m.)' 

where 7= time of commutation; 

TTc = circumferential width of a brush in inches; 
Dc= diameter of commutator in inches. 

Two reversals are required to make a cycle, hence the 
frequency of commutation, /c, is, 

(44) /e=^. 



DIRECT-CURRENT DYNAMOS 



37 



where jc = frequency of commutation in cycles per second. 
The reactance voltage will then be, 



(45) 

where ^r 
h 



reactance voltage; 

inductance in henrys; 

current per path in the armature in amperes. 



This must not be more than two-thirds the average 
voltage developed between commutator segments, and 
preferably should be very much less than this. In case 
Er comes out too high it is usually lowered by decreasing 
the number of turns between segments. 



(M) Diameter of Shaft 

The diameter of the shaft within the core may be f oimd 
by the formula, 



(46) 



Dc'^Ki4 



W 



r.p.m. 



where Tr= output of the machine in watts; 

Ki = constant depending on the output of the machine. 
(See Table XIV.) 

TABLE XTV 
Shafts Constants 



Capacity in 
Kilowatts. 


Ku 


Capacity in 
Kilowatts. 


Ki. 


1 

5 
10 
50 


.9 
1.0 
1.1 
1.2 


100 

200 

500 

1000 


1.3 
1.4 
1.5 
1.6 
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The diameter of the bearing portion of the shaft may be 
obtained from the formula: 



(47) 



*r.p.m. 



where iJ(,=diameter of the bearing portion of the shaft in 
inches. 

The length of the bearing may be found from the formula: 

(48) U=K2D,VF.\i.m., 

where Xi = length of the wearing portion of the bearing in 
inches ; 
iC2= constant (see Table XV). 



TABLE XV. (Ebte 


RLINB) 


Sfffo'^^fJ" 


High ."Vi^. 


1A.W Speed, 


1 


,075 


,100 


5 


.100 


,150 


10 


.115 


,175 


50 


.125 


,200 


100 


,160 


" .225 


1000 


,200 


-275 



Fig. 8. — Bearings Used on High Speed Machines. 
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(N) Dimensions of Pole Core 

If <J) is the flux in the air-gap under one pole at no load, 
the corresponding full load value of the flux in the pole 
core will be : 



(49) 



<J>' = ^\ 



where X = leakage coefficient. (See Table XVI.) 



TABLE XVI. (Esterline) 
Leakage Coefficients for Multipolar Fields 



Capacity in 
Kilowatts. 


Leakage Coefficient. 


Capacity in 
Kilowatts. 


Leakage Coefficient. . 


1 


1.35 


50 


1.14 


2 


1.25 


100 


1.12 


5 


1.20 


500 


1.09 


10 


1.16 


1000 


1.08 


25 


1.15 







(50) 



ij-o — 



Bn 



where Aj, =area of pole core; 

Bp = magnetic density in the pole core. 

If the breadth, W (see Fig. 1), is made equal to the length 
of the armature, which accords with usual practice, the 
width, W2, will be : . 



(51) 



W2= — 



This formula applies to a rectangular pole core. If a 
round pole core is used the diameter should be made, as 
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nearly as possible, equal to the length of the armature core. 
In any case the pole shoe, if there is one, should be as wide 
as the armature core is long and should cover not less than 
approximately 60 per cent, nor more than approximately 
80 per cent of the circumference of the armature. 

If the core is laminated, an allowance of about 10 per 
cent should be made for the insulation between the lami- 
nations. If sheet steel or wrought iron is used in the pole 
core, the magnetic density should ordinarily be from 85,000 
to 90,000 lines of force per square inch. If cast-iron poles 
are employed, a magnetic density of from 45,000 to 50,000 
lines of force per square inch is usually about right. 

(O) Length of Pole Core 

It must be sufficiently long to allow for radiation and 
for the acconmiodation of the windings. A certain per- 
centage field current was assumed in accordance with 
Table X. 

(52) Ws = (TT) (per cent shunt field current assumed), 

where TT, = shunt field loss in watts ; 

W = capacity of the machine in watts. 

W 

(53) Tr/= * 



V 
where p = number of poles; 

Wi = shunt field loss per pole. 

(54) >Sp = 2(a+6)l, 

where &p = total radiating surface of the shunt field coil in 

square inches. 
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Experiments show that heat is radiated away from the 
surface b' almost as fast as from o or 6 due to the fact that 
iron is a much better conductor of heat than air. For 
high-speed belted machines provide 3 to 3.5 sq. ins. total 
radiating surface per watt loss. For low-speed belted 
machines there should be provided from 4 to 5.4 sq. ins. 
per watt loss. 

We now know approximately, the watts shxmt field loss 
per pole and the number of square inches of radiating surface 



Fig. 8. — Field Coil of Directrcurrent Dynamo. 

^eq^u^ed on the shunt field coil but we do not know the size 
of wire or the number of turns. 

In order to proceed with the design, assume that a definite 
amount, say 20 per cent of the total e.m.f., is taken up by 
the shunt field rheostat. The voltage on one shunt field 
coil will then be 

(55) E,J^. 

k 

where E = voltage of machine ; 
p=No. of poles. 

Determine the size of shunt field wire by allowing from 
800 to 1200 circular mils per ampere; 1000 is a good value 
for a new design. 
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Choose a size of wire from a wire table which is as near 
the calculated size as possible. Use not less than double 
cotton covering for the minor insulation. 

As an estimate of the nimiber of turns for a preliminary 
design may be made as follows: the resistance (hot) of the 
shunt field coil will be, 

Et 

(56) 72, =f, 

where //= shunt field current as taken from Table X; 
Ef = voltage on one shunt field coil. 

Allow a reasonable thickness for major insulation (say 
J to f inches), and determine the length of an inside field 
turn. Allow a reasonable depth of winding (which will be 
corrected later), and calculate the length (J) of a mean turn. 
Knowing, approximately, the resistance of the shunt field, 
the length of a mean turn and the size of wire, we can at 
once determme the approximate number of turns on the 
shunt field coil. 

Next, make the pole core long enough to accommodate 
a shimt field coil, having what you consider a reasonable 
depth of winding, a, and long enough, 6, to give the required 
number of square inches per watt loss in the coil. Other 
designs should be consulted before estunating the depth of 
the shunt field wmding. 

If the machine is to be compound wound and it is thought 
desirable to place the series field coil next to the pole core 
and below the shimt field coil, it will be necessary to add from 
15 to 40 per cent to the length determined above in order to 
also provide room for the series field coil. Sometimes the 
series field coil is made of bare copper strap woimd on edge 
with the turns separated from each other by wedges. 
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The coil is then placed outside of the shunt field coil and 
next the yoke, which is space that is ordinarily not used for 
anything. This gives a much shorter pole core and a higher 
temperature rise may be allowed since even if the coil does 
get hot there is no insulation to carbonize. It is an excellent 
design. 

If the space available for the windings proves to be either 
too small or too large the length of pole core chosen above 
will, of course, have to be adjusted accordingly. 

(P) Yoke 

The cross-section of the yoke for a multipolar machine 
will be: 

(57) ^'=^' 

where <J)' =flux per pole; 

By = magnetic density in the yoke. 

If the yoke and pole are made of the same material, the 
magnetic density employed in the yoke is usually only 80 
to 90 per cent of what it is in the pole core. For a cast- 
steel yoke use 65,000 to 75,000 lines of force per square 
inch. For a cast-iron yoke 40,000 to 45,000. 

(Q) Air-gap 

(58) Ak-gap (maxO = j^ . (Press) 

(59) Ak-gap (min.) = 200+£) (Press) 
where D = diameter of armature in cm. 
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For ordinary purposes an average of the above values 
will be about right. 



(R) Ampere Turns 

Lay oflf the magnetic circuit to scale on a drawing board 
and prepare a table as follows: 



Part. 


Magnetic 
Density. 


Length of Mean 
Line. 


Ampere Turns 
per Inch. 


Total Ampere 
Turns. 


Yoke 










Pole core 

Air-gap 

Teeth 

Ann core 




Total 











As the quantities indicated are obtained, insert them in 
the above table. Changes made necessary by other adjust- 
ments in the design can quickly and very easily be made by 
referring back to this table. 

The ampere turns may be obtained either from tables 
or by the following formulae: 

(60) NI„=-T-~-, 

where NIm = ampere turns necessary to force the flux through 

the part of the circuit under consideration; 
<})m = corresponding number of lines of force ; 
Lm=mean length in cms. of the part of the circuit 

imder consideration; 
Am = corresponding area in sq.cm. ; 
2/= permeability of the magnetic material. (See 
Table XVII.) 
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If the dimensions are given in inches, then, 



(61) 



NU = 



Amy 



TABLE XVII 
Permeabilitt of Different Kinds of Iron at Various Magnetizations 



Density 

Lines per 

Square Inch. 


Annealed 
Wrought Iron. 


Commercial 
Wrought Iron. 


Gray 
Ir( 


2^^ Cast Steel 
on. 


Sheet Steel 


20000 


2600 


1800 


Si 


>0 2500 


2400 


25000 


2900 


2000 


8( 


X) 2600 


2500 


30000 


3000 


2100 


6( 


X) 2750 


2625 


35000 


2950 


2150 


4( 


X) 2700 


2750 


40000 


2900 


2130 


2^ 


50 2650 


2860 


45000 


2800 


2100 


1< 


LO 2600 


2975 


60000 


2650 


2050 


1] 


LO 2475 


3100 


55000 


2500 


1880 


{ 


X) 2300 


3000 


60000 


2300 


1850 




JO 2100 


2900 


65000 


2100 


1700 




>0 1800 


2775 


70000 


1800 


1550 


r 

i 


J5 1475 


2660 


75000 


1500 


1400 


c 


55 1160 


2500 


80000 


1200 


1250 


e 

J, 


50 1000 


2400 


85000 


1000 


1100 


] 


L5 850 


1900 


90000 


800 


900 


] 


L2 750 


1400 


95000 


530 


680 


1 


LO 690 


1100 


100000 


360 


600 




9 590 


900 


105000 


260 


350 




525 


480 


110000 


180 


260 




475 


310 


115000 


120 


190 




425 


178 


120000 


80 


150 




390 


145 


125000 


50 


120 




350 


99 


130000 


30 


100 




250 


69 


135000 


20 


85 




150 


40 


140000 


15 


75 




100 


20 



By means of Eq. (61), find the number of ampere 
turns required: 1. To force the no-load flux through the 
yoke; 2. Through the pole core; 3. Through the air-gap; 
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4. Through the teeth; 5. Through the armature core. Add 
these five values together, thus obtaining the no-load ampere 
turns which is also the number of ampere turns on each 
shunt field coil. 

Divide the no-load ampere turns as obtained above by 
the shunt field current (Table X), to get the nimiber of 
turns on each shunt field coil. Multiply this by the mean 
length of one turn in feet and get L/ the total length of copper 
wire in feet in each coil. The number of turns here obtained 
and the total length of wire, L/, will vary more or less from 
the values obtained in our preliminary calculations. It 
will therefore now be necessary to re-design the shunt field 
coil and to make such changes as are required to give it 
the proper proportions. It should be checked up for tem- 
perature rise by the following formula which is based on 
Timmerman's experiments at Cornell University. (See 
Trans. Amer. Inst. Elec. Engrs., p. 342, Vol. X.) 

83Tr/ 



(62) r, = 



On 



where T, = temperature rise of the shunt field coil in degrees 

C; 
Wi =loss per pole in watts; 
/Sp = total radiating surface of the coil in square inches. 

Tt should not exceed 40*^ C. If it is very much over 40*^ C, 
it will be necessary to re-design the coil. 

(S) Series Field Coils 

The armature demagnetizing turns per pole will be: 

2S 
(63) Demagnetizing turns =iVa/a' — , 

X 
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where Na = number of armature turns per pole; 
la = armature current per path; 
P = angle of brush lead in radians. 

In ordmary machines two-thh-ds the angular distance 

between a point midway between the pole tips and a pole 

tip would be a fair value for p. 

The armature cross-magnetizing turns per pole will then 

be: 

/ 2S' 
(64) Cross-magnetizing turns = iVa /a' ( 1 —— 

In order to get the total number of ampere turns neces- 
sary to give the same induced e.m.f. at full load as at no 
load, add the demagnetizing ampere turns directly to the 




Fig. 10. 

no-load ampere turns, and add the cross-magnetizing turns 
at right angles. 



(65) NT-^[Nl+N.I.-Q)]\[N.I.'{l-fjJ. 

where N^F = total number of ampere turns necessary to 

maintain the same induced voltage in the 
armature at full load as at no load; 
NI=no load ampere turns =sh\mt field ampere 
turns as calculated above. 

(66) Nsis ^NT-NI (very closely). 
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where iV,/,= number of ampere turns necessary to provide 

on the series field coil in order to maintain 
the same induced voltage at full load as at 
no load. 

If the machine is to be compounded not more than say 
10 per cent, it will be sufficiently accurate for practical 
purposes to take the percentage compounding of NT as 
the number of ampere turns additional to the above Eq. 

(66) to be furnished by the series field. This is on the 
assumption that the increase in the shunt field ampere turns 
dueto the increased e.m.f. applied to the shunt field ter- 
minals as the voltage increases just about offsets the 
increase in the number of ampere turns required on account 
of the lower permeability, due to the increased magnetic 
density. This approximation will be found to hold quite 
closely in commercial machines. Provide 25 per cent, at 
least, more series turns than the calculated number. When 
the machine is tested a " jumper " (resistance in multiple) 
is provided which will reduce the compoimding to the desired 
amount. 

If a more exact solution is required it will be necessary 
to calculate the required full-load flux and full-load densi- 
ties in the various parts of the magnetic circuit and then 
recalculate the ampere turns necessary to give this required 
full-load voltage. The difference between the no-load 
ampere turns and the full-load ampere turns would then 
be the number required in the series field. 

(67) NtIt^NT+K^{NT) 

where NJt = total number of ampere turns ; 
K4: =per cent compoimding. 

(68) N/I/ =NJt-NI, 
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where iV/7/ = total number of series ampere turns ; 
NI = total number no-load ampere turns. 

(69) ^'=^' 

where N/ =nimiber of series turns; 
7/ = series field current. 

Determine the size of wire in the series field by using 
from 750 to 850 circular mils per ampere. Check the 
temperature rise of the series field coil by Eq. (62). 

The cross magnetization due to the current in the arma- 
ture can be very effectively neutralized by means of 
auxiliary poles placed in the neutral zone. These poles 
are excited by the armature cmxent and can, therefore, be 
so designed as to just neutralize the cross-magnetizing effect 
of the armature at all loads, and in addition produce a 
commutating field at the geometrical neutral. The brushes 
can then be fixed in the geometrical neutral axis. In cal- 
culating the required number of ampere turns per pole on 
the inter-poles, provision must be made for a suflicient 
number to just offset the armature ampere turns and in 
addition to produce enough fines of force to set up in the 
short-circuited coils an e.m.f. equal to that due to their 
self-induction. If inter-poles are provided the main poles 
usually cover somewhat less than 70 per cent of the armature 
surface. 

The commutating poles may be either cast steel or built 
up of sheet-steel laminations bolted to a seating on the yoke 
exactly in the middle of the interpolar space as shown in 
Fig. 11. As a rule no pole shoes are provided on the inter- 
poles and the length of the polar arc is such that during 



50 



DESIGN OF ELECTRICAL MACHINERY 



the whole period of short-circuit of a coil by the brush it 
cuts the flux due to the auxiliary pole. 

A narrow commutating pole arc is desired, so as to get 
as large a space as possible between the auxiliary and main 
poles, thus improving the ventilation and ensuring a lower 
temperature rise. It also results in a smaller leakage of 
flux. On the other hand, as far as commutation is concerned, 
it is essential that the polar arc be not too small, otherwise 




Fia. 11. — ^Field Magnet Frame with Inter-poles. 

there will be rapid fluctuations in the strength of the auxiliary 
field. 

Suppose for example that the polar arc is the same 
width as an armature tooth, also that the slots and teeth 
are the same width. It is very evident that the magnetic 
reluctance of the path of the auxiliary flux is very much 
greater when the coil is in the position B than when in the 
position A. Also part of the short-circuited coils may he 
outside of the influence of the auxiUary field. 

This bad feature is improved as the length of the air- 
gap is increased, the variation in the flux being less and the 
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fringing effect greater. Motors having very narrow com- 
mutating poles are very apt to hunt due to this oscillatory 
variation in the strength of the field even though the load 
is constant. Usually at least two or three segments are 
luider a brush at once. The polar arc should be about 50 
per cent larger than this. Professor Arnold recommends 
a polar arc equal to at least twice the slot pitch. On the 
other hand the arc of the interpole must not occupy too 
great a percentage of the interpolar gap. It usually takes 
up approximately one-third of the interpolar arc. 

Given the polar arc, the length of the pole shoe is deter- 
mined by the area required to carry the necessary auxiUary 



1 — I 



I I 



m 



ITRJ^JL 



D 



Fig. 12. 



pole flux. It is best to reduce the axial length as much 
as possible in order to keep down the leakage. In practice 
it ranges from 60 to 80 per cent of the axial length of the 
armature core. The air-gap density should be about the 
same at approximately 50 per cent overload as it is under 
the main poles at normal load. If the pole cores were almost 
saturated at normal load, a sufficiently strong commutating 
field would not be forthcoming on heavy overloads, since 
the strength of the auxiliary field would not increase any- 
where near in proportion to the load. The pole core density 
should therefore not come up to that of the main field except 
on approximately 50 per cent overload. 
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The total number of auxiliary field ampere turns is 
equal to the armature ampere turns per pole plus the 
ampere turns necessary to send the required flux through 
the auxiUary magnetic circuit. In practice it is customary 
to allow about 50 per cent more ampere turns on the auxil- 
iary field winding than there are armature ampere turns 
per pole, and then to experimentally adjust the auxiliary 
field by means of an adjustable resistance in multiple to 
give the best commutating results. 

For well-designed machines running at a moderate and 
fairly constant speed there is nothing to be gained by using 
inter-poles as they add considerably to the cost of the 
machine and at the same time tend to reduce the efficiency 
because of the additional losses. 

(T) Efficiency 

Assume the windage and bearing friction losses and cal- 
culate the efficiency at various loads. These losses are 
very difficult to pre-determine with even a reasonable 
degree of accuracy. They often vary widely even in similar 
machines of the same make, type and capacity, because of 
the variation m bearing friction. For high-speed belt- 
driven machines ranging in speed from 1200 r.p.m. to 1800 
r.p.m., and from 20 to 300 kw., these losses should range 
from 1.5 per cent of the output for the larger machines to 
3 per cent in the smaller sizes. For low speed [belted 
machines running at from 300 to 600 r.p.m., and ranging in 
capacity from 20 kw. to 500 kw., they should range from 
1 per cent for the larger sizes to 2 per cent for the smaller. 
For direct connected generators this figure should vary from 
^ of 1 per cent to 1 per cent, depending upon the size, speed 
and alignment. 



DIRECT-CURRENT DYNAMOS 



53 



Tabulate the losses and efficiency as follows : 



Load in 
per cent 


Arm 
I R. 


Series 


Shunt 


Core 
Loss. 


Brush 
Friction. 


Windage and 
Bearing 
Friction. 


Total 
Losses. 


Effici- 
ency in 
per cent. 





















25 


















50 


















75 


















100 


















125 


















150 



















From the data in the above table for armature PR and 
core loss the temperature rise at different loads may be found. 

From the above data curves of efficiency and tempera- 
ture rise for continuous operation at the different loads may 
be plotted, and the variable and constant losses shown by 
curves. 

The mechanical details are to be worked out on the draw- 
ing board as the work proceeds. 
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Fig- 13. — Spherical Type Direct-current Dynamo. (Electric Machinery Co.) 



Fig. 14. — Frame and Field Coils of a Direct-current Dynamo. (Electric 
Machinery Co.) 
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Fig. 16.— Three- wire Balancer Set. (Electric Machinery Co.) 
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The machine shown in Fig. 17 is the one for which the 
calculations are given in Chapter III. At the time this 
machine was designed the largest mill in the shop had b 
clearance of 135 inches. The first calculations gave an over- 
all diameter of 147 inches. The diameter of the field ring 
was therefore reduced accordingly. This illustrates very 
nicely one of the many reasons why the student has before 
him a very different problem than the commercial designer, 
because of the absence of factory limitations. 



CHAPTER II 



ILLUSTRATIVE DESIGNS 



The following illustrations are made from some dynamo 
designs worked out by senior students in electrical engineer- 
ing under the guidance of the author and applying the 
method of design laid down in Chapter I. 

DESIGN No. 1. 

40-Killowatt Direct-current Generator. 220-Volts, No-load and Full-load. 

186.2 Amperes. 600 r.p.m. 
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DESIGN No. l.—Contirmed. 



'£_ 6- !l£ BoltB 
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DESIGN No. 1. ^Continued. 




BRUSH YOKE 




BRUSH HOLDER 
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DESIGN No. l,-^cmJtinued, 



M^ 



J4\ 



«>/«" 



<^ 




BRUSH YOKE STUD 



^mir ^ ^ H" >|c tj^>i< 




SHAFT 




O 



O 



*o 



COMMUTATOR BAR 



POLE CORE STAMPING 
SXt Inch^teel 
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DESIGN No. 1.— Contonwed. 




WIRING DIAGRAM 

ARMATURE CORE STAMPING 
81 Slots .oe Inch Steel 
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DESIGN No. 2. 
60-Kilowatt Direct-current Grenerator. 500-550 Volts. 800 r.p.m. 



Bolts I'x 12*^ 




Bolts 2 X 4" 
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DESIGN No. 2,—CcmJtinued. 
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DESIGN ^o. 2.— Continued. 



I<— 6V^- 



'/ ' 




SHAFT 




WINDING DIAGRAM 
Simplex Lap Front Pitch - 71 
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DIRECT-CURRENT DYNAMOS 
DESIGN No. Z.—CotUinved. 



COMMUTATOR SEGMENT 
„ Hard drswa Copper 
.CBMica iDBulatlOD between i 




Wr.. 



Em 



\ 
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DESIGN No. S.—CorUinued. 




m 

C 
09 

z 
2i 




S 



r 



'^Srooden "Wedare 
Copper Bars ^z ^«' 




WINDING DIAGRAM 
lap winding-2 coils per Slot-4-turn8 per Coil 
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DESIGN No. 3.— Coneinwed. 




.'u 



DrlU for J4 stud 



BRUSH YOKE 
Handle on one 




K- 



-^ 



->»<- 



2 






■*r«-«X^>{<- 



4S3^ 



SHAFT DETAIL 
Keyway for H'x ^^unk Keys 




-»T< 



>K — Pulley 
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DESIGN No. 4. 
50-Eilowatt Direct-current Generator. 220-250 Volts. 550r.p.m. 




■^ Bf 



ASSEMBLY AND SECTIONS 
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DESIGN No. 4. — C(mtimied. 



nndei' other beuinr 
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DESIGN No. 4.— Continued. 




ARMATURE END PLATE ARMATURE END PLATE 

COMMUTATOR END-CAST IRON PULLEY END-CAST IRON 




BELT TIGHTENER-CAST IRON 
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DESIGN No. ^,—C(nUinued. 




BRUSH YOKE-UPPBR HALF-CAST IRON 
LOWER HALF SAME WITHOUT HANDLE 



2xJ4*Bolt 




BRUSH HOLDER 
Brass 




hfc-«3fe^-H 



BRUSH HOLDER STUD 
Brass 
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DESIGN No. i.—Coniinued. 




WINDING DIAQRAM-6S DOUBLE COILS 
FRONT PITCH-2t BACK PITCH-23 
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DESIGN No. ^.—Continued. 




S^ 



■%' 



END PLATE FOR COMMUTATOR 
Cast Iron 



u 




POLE CORE PUNCHING 
6 MU. Sheet Steel 



-5i/2- 









ot .. 



op 






END PLATE FOR POLE CORE 
Oast Steel 




M- 



-6^ 



;^ 



-Wr 




COMMUTATOR BAR 
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DESIGN No. 4,^CofUinued, 



Cim* 






CORE STAMPING DETAIL 



C0>^ MUTATOR BAR 
Copper 




.// 



H Fiber Wedge 

7 Double Cotton Covered Wire 

6 Mil. Empire Qoth 

7 Mil. Cotton Tape 
i'Viber Strip 

S Fiber Channel 

TOOTH AND SLOT 
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DESIGN No. 5. 
75-Kilowatt Direct-current Generator. 250 Volts. 500 r.p.m. 



TTse two 1 Bolts 




'f^ ^4<-^^ 




^Keyway ^Vu x h" 



MACHINE STEEL SHAFT 
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DESIGN No. 6— Contmued. 
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DESIGN No. b.-^ardinued. 




Vt%two)i'Bolt» 



ARMATURE CORE PUNCHING 
Sheet Steel .02'tliick 




BRUSH YOKE 













!<D 



ii<n) 



^ 
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BRUSH HOLDER AND BRUSH 
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DESIGN No. 5.—C(mUntied. 



■f 



Mi^ 



— JK. 



BRUSH HOLDER PIN 



-& 



ft 



! I 






I '»! 




M 



i 



Cii 



— V- 



'^vS 






^ 



s 



COMMUTATOR BAR 
Hardened Copper 




WINDING DIAGRAM 
86 Ooils 6 Inductors per Coil 
Front Pitch A Back Pitch 89 



DIEECT-CUERENT DYNAMOS 



82 



DESIGN OF ELECTRICAL MACHINERY 



DESIGN No. 6.— Continued. 



V/^-^-M 




9^ 



1 



1 




COMMUTATOR SEGMENT 

Hard drawn Copper 

.OS'lnsulation between Segmente 




i^M" 





ee 




BRASS BRUSH HOLDER 
Carbon Brush 
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.yi t=tD Jtrrratrjil^co^ I I 



-''*'" BRASS BRUSH STUD 
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DESIGN No. 6.— CorUinued. 




*t ,«/'/ 



Kf»7i|xX 







SHAFT 



-iW 



i 




WINDING DIAGRAM 

LftpWiQdliiff 2 Ck>il8 per Slot 

% TuruB per Ck>il 



DIEECT-CUKRENT DYNAMOS 



86 DESIGN OF ELECTRICAL MACHINERY 

DESIGN No. 7.—C>mlinutd. 
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DESIGN No. 7, ^Continued, 






I- 

col 






CORE STAMPING 
Slot DetaU 




wii5ding diagram 

Lap Winding 2 Coils per Slot 2 Turns per Coil 
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DESIGN No. r.—CofUinuecL 




BRUSH YOKE 




*rt ^ > ! * » Ji% ! < ^ ^ 




IHTSS 



Note^Keywaya for H'xJtfSunk Keys DETAIL OF SHAFT 



CHAPTER III 

DESIGN OF A 300-KILOWATT 90 R.P.M., 126-VOLT DIRECT- 

CURRENT GENERATOR 

Mr. Truman Hibbard, chief designer for the Electric 
Machinery Co., Minneapolis, Minn., very kindly supplied 
the author with the following set of calculations. The 
machine, for which the calculations follow, is in operation 
in L. S. Donaldson's Glass Block, Minneapolis, Minn., 
and may be seen at any time. 

A 300-KW., 125-volt dynamo compounded 5 per cent, 
to be driven by a Corliss engine running at from 90-100 
r.p.m. 

2)L = CKW., C=3 for this case (Steinmetz) mak- 
ing Z)=5L; • 

2)2 = (5) (900); 



D = V4500 = 67 inches ; 



^^_ 36XW(I.5VKW.)- 

r.p.m. ' 



^_ 36X10*(1.5+V300)^ 
^^ 90 
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Making D—bL and solving we get, 

D* =7,080,000 = 192 cm. =76 inche^; 

^^ = nftA^' • (Thompson) 

.064+r.p.m. 

Solving the above for D when D=5Lwe get, 

D =76.6 inches; C = 7000 to 35,000 assuming 

8,000; 



feet per min. ' 



^, 5X300X800 



D = -^510,000 =79.9 inches. 

Average the four values just obtained. 

67 
76 

76.6 
79.9 



4 )299 ■ 5 

74 . 9, say 75 inch diam. 



L=— = 15 ms. 
5 
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Assuming that we are to use a round pole the pole will 
be 15 ins. in diameter = 177 sq.in. 

Bp= 59,000 (assumed), 

4) = 177 X95,000 = 16,800,000. 

Assume leakage coefficient = 1.2 = F. 

Workmg flux = ^^^^f^^^ = 14,000,000. 
By E^app's formula, 



65,000VKW\ X2000 X\H^^ 



<1> = = ^'P'^' = 15,000,000. 



This checks very well with the value 14,000,000. 
Copper loss in armature assumed 2.45 per cent. 

.0245 X 300,000 =7350 watts; 
Current = 2400 amperes ; 

JS^ = 125 +3 = 128 volts; 



E = 



5 = 



108X60' 

(^(10«)(60) . 
(<l))(r.p.m.) ' 



(128)(10«)(60) 

^=(14,000,000)00)='^^^' '^y^- 



92 DESIGN OF ELECTRICAL MACHINERY 

To get the number of poles. 



P-4 



D^L 



2 ' =i5o;ooo- ^^'"^^ 

Substituting in the above formula we get 10 poles. 

600 

-2- =300 slots (min. number), 

300= max. number com. bars. 

Check. Thompson says amp. Xcond. per pole should not 

2400 
exceed 14,000. Here "Tq" X30 X2 = 14,400, a little high. 

Slot pitch = = .787 in. ; assimiing an approximate 

slot width = \ slot pitch we get the width of slot to be .393 
in., say .4 in. 

Assuming slot depth to be roughly four times its width 
we get a slot depth of 4 X. 4 = 1.6 ins. 

Then the active belt would be %{D—a)xaxL, where 
a=depth or slot =x(75-1.6)X 1.6x15 =5500 cu. ins. 

Thompson says watts generated divided by cubic inches 

in active belt should vary from 40 to 120. 

In this case, 

300000 



5500 



=55. 



Length of Pole Core. It must be sufficiently long to allow 
for radiation and the accommodation of the windings. As- 
smne a shunt loss of 1.4 per cent. 

300000 X. 014 =4200 watts, 
4200 



10 



=420 watts per pole. 
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Allowing .7 watt per square inch pole surface, 

420 



.7 
Hence, 



= 600 sq.ins. 



L = r-r = 12.7 ins. for shunt only. 

xXl5 ^ 

Add, say, 60 per cent for compound winding and we get 
12.7 X 1.5 = 19 ins. Roughly, 

ring thickness = \ pole diameter = 5 ins. 

Ring diam. =75+(19+5)2 = 123 ms. 

Adding say 12 ins. to the ring radius for each one of the feet 
the frame is to rest upon, we obtain. 

Ring diam. max. = 123 +24 = 147 ins. 

The largest mill in the shop has a clearance of 135 ins., 
hence the diameter must be reduced. 

Taking a polar embrace of 72 per cent and making the 
pole core 15 ins. in diameter, we find the min. diameter of 
the armatiu'e to be 66 ins. 

Pole shoe =^ — = 15.2 ins.; 

Air-gap (min.) -^^^-^-2: 
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Assumed air-gap =i inch; 

Bore==66+(2xi) =67 ins.; 

Pole pitch = -jz: — =21 ins. 

Compromising between factory limitations and ideal 
requirements we will make the outside of the ring as large 
as the mill will swing. 

Allowing 12 ins. for each foot this leaves 135—24 = 111, 
say 110 ins. for the outside diameter of the ring. 

Fixing thickness of the pole shoe at IJ ins. we get the 
diameter at the face of the field coils to be 66+2(|)+2 
(li) =69i ins. 

Space for field coils = — ^ — = 22. 

10 

For ventilation reasons the field coils should not come 
closer than 2 ins. apart. From experience, etc., the shimt 
winding is assumed to be 3 ins. deep. This gives space 
for core, 

22-(2x2)-(2x3)=12ms. 

With a leakage coefficient of 1.18 we get a total flux of 
18,000,000, approximately. 

Using 100,000 Unes of force per square inch and a core 
12 ins. thick it is necessary to add a rectangle 6 ins. X 12 
ins. in the center of the 12-in. round pole. 

Area = ^^ +6 X 12 = 185 sq.in. 
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185 X 100000 = 18500000 lines of force = <!>; 



<[)« = Flux in armature = — — r^ — = 15700000 ; 



^ ^X108X60 _ 128X108X60 
Na Xr.p.m. 15700000x90 ' 



5=545, say 540. 



270 slots and 270 ccm. bars. 



125 
Volts per bar = -;r=- =4.53 (very low). 



Again applying Thompson's check, 



2400 540 _ 
10 ^ 10 ~ ^'^^^' 



which is a little below Thompson's maximum of 14,000. 

Slot pitch =^^^=.77 in. 



.77 
Width of slot approx. '-^ — .38. 



Magnetic Circuits. 
72 per cent of 27 = 19^= number of teeth per pole. 

Adding If teeth for fringing we get 21 teeth to carry the 
pole flux. 
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Length of Armature. 



from 



from 



from 



j^j 36x10^X(1.5 +VKW.)^ . 

u^Li-— — m cm.: 

r.p.m. ' 

• 

, 36X10«X(1.5+I7.3)g 

66X2.45X66X2.45X90" ' 

L =54.6 cm. =22.3 ins.; 

DL =3 KW., 

3X300 
L— gg 13.6, 



D^L^ KW. 



.064 X r.p.m.' 

T 300 , „„ , 

^=66-66 =1-72 ft., 

jgXjgX. 064X90 

L = 1.72ft.=20.7iiis.; 
KW.X8000 



DL = 



feet per min. ' 



■" ^ 7^7; z~z — "zx = 23.3 ins. 

66XxX5.5x90 



Averaging, 

23.3 
20.7 
22.3 
13.6 



4)79.9 
19 . 975, say, 20 ins. 
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Assuming six f vents in the core, the net length of iron 
in the teeth is 20-(6x|) =17f ins. Assuming 5 per cent 
of this insulation we have 17.75 X.95 = 16.85 ins. Area 
of 21 teeth then would be 21 Xl6.85x.372 = 131.5 sq.ms. 

Flux density in teeth = ^^^ , = 119500; 

lol.o 



Density in air-gap = 



Air-gap area = 



area 
area pole face + area teeth X 1.25 



Area aJr-gap 15X20 +(21 X. 39x20)1.25 



„ , . . 15700000 .-_-- 
^(^^=^5L25'=^2^- 

Field Ring> 

<!>/= 18500000; 

Working steel in ring at 90,000 ; 

■ 18500000 ,___ . 
"^ =2^^90000 = ^^2-^ ^•"'- 

Pole is 18 ins. long, ring should overhang so as to protect 
field coils, say, 2 ins. on each side. 

Making it 22 ins. if the section is rectangular the thick- 
ness would be, 

^ =4.64 ms. 
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This section would not be stiff enough so make it 6 ins. 
deep and round off comers and back, giving 6x22— about 
15 = 117 sq.ins. 

Yoke density = ^f ^ = 79000 = B, 
Armature Core Section. Using Ba in armature = 65,000. 



^ ^. 15700000 ,-, . 
Cross^ction=2^^^^^ = 121 sq.ins.; 



Net length = 16.85; 



i''''*-^''-^- 



Add for slot, 1.5, making say, 8 J ins. 

Ampere Turns. Prepare a table as follows, the ampere 
turns per unit length being taken from tables or calculated 
by the usual formula. 



Part. 


Magnetic 
Density. 


Length of 
Mean Line. 


Ampere Turns 
per Inch. 


Total Ampere 
Turns. 


Field line 


79000 
100000 

62500 
119500 

65000 


15 
15i 

A 
li 

10 


30 

80 

20,400 

700 

12 


480 


Pole core 


1240 


Air-eaD 


8900 


Teeth. . 


1050 


Armature core 


120 


Total 


11790 


Correction for teeth If instead of 1 


J 




90 
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Total 


11880 
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Length of armature coil found to be 96 ins. =8 ft. Total 
length of each circuit is 27x8=216 ft. At all times there 
will be at least one coil out of each circuit, short circuited 
by the brush, so length of group of active coils is 26 X 8 =208 
ft. Watts lost per circuit = rV total =753 watts. 

, 2400 ^,^ 
Current ^-7Tr-= 240; 

C2fi = 735 = (240)2/2; 

fi=777^ = .0127 ohm hot (40° C- rise); 

(240)^ 

fi = .01 1 ohm cold. 15! = ^ ^]^'^ ; 

^ LxlO.6 208 X 10.6 ^^^^ 
cP = — 5 — = —rz =200000 cm. 

Width of slot given was .38, say, f = .375. 

1/32 staggering of teeth; 
1/32 tape; 
1/32 tape; 
1/32 mica; 
1/32 mica. 



5/32, leaving 7/32 for copper. 

200,000 cm. = 157,500 sq.m. 

7/32=218.75 mils; 

^ ^, 157500 „^ ^^. 

Depth copper = ,,., ^_ = 720 = .72 m. 

zlo.7o 
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Depth of Slat. 

.72 copper; 
.72 copper; 
1/32 tape; 
1/32 tape; 
1/16 between; 
1/16 below; 
1/16 below; 



1.69 



Using a conductor 11/16 in. wide we get a depth of 
If in. 

Cir. mils in conductor = — ^ — =192000, 

.7oO«7 

192000 ^^ 

■ ^^^ =800 cm. per amp. 
240 

Armature also carries field current, hence ciurent density- 
would be slightly greater than this. 

Field Winding. Shunt field current assumed as 1.5 per 
cent of total = .015x2400 =36 amp. Mean length of turn 
found to be 62 ins. =5.16 ft. 

« = 11,880^-36 =325, 

^ 36 X5.16X325X12.2 5 .,,,^ ^.^ « 

cP = T^ =59000 cm., say. No. 3. 

It is now found that the mean length of turn used above 
is not correct. Revised length =59^ ins., say, 5 ft. 
Then L =325x5x10 = 16250 ft. =2440 lbs. 
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Total series turn =2840+600 =3440. 

3440 



2400 



= 1.42 turns. 



To be sure to be on the safe side use 2^ turns. 

2400 Q.^ 

— — = 960 amp. 

2400-960 =1440 amp. to be diverted. 

C^R loss in series field and jumper = 1870 watts. 

Total losses =arm C^R =7860 
Hysteresis 2996 

Eddy 378 

Shunt C^R 4500 

Series C^B 1870 



17604 
300000-17604 



300,000 



=94.13. 



Electrical efl&ciency =94.13 per cent. 
Commutator, 270 bars, 30 ins. 

Diam. gives rr =1175 feet per min. (O.K.) 

■Ilnokn«sotbar=fi5-nnca-.660-.047..533. 
Bar pitch =— -— = .580. 
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Brush pitch = — — = 15.7 in. 

Allowing brushes to cover approx. 10 per cent of brush 
pitch = 1.57 in. 

1.57 
This covers -^ = 2.7 com. bars. 

.580 

1.5 
Making brush 1.5 thick gives -r^ =2.6 X thickness of 

1 bar, which is O.K. 

2400 
Current per brush arm = -— z— = 480. 

5 

Using a current density of 25 amp. per square inch, 
this caUs for ^ = 19.2 sq.in. 

—~r- = 12.8 ms. 
1.5 

12.8 
If 6 brushes are used —z^ =2.13 ins. = width. 

6 

12 8 
Better use 7, -^ = 1.83. 

Make carbons 1 J X 1|. 

Allow f in. for holders and clearance. 

7x2i = 15f. 

Allowing 2 ins. for clearance and riser we get 17f, say, 
18 ins. 
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Advantages of multipolar magnet frames 2 
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Armature, energy losses in 20, 27 
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' * conductors, size of 18 
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* * current, total 17 

' * reaction 49 

* ' windings 14 

Auxiliary poles 50 

Average length of armature turn 19 
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Bearings , 38 

Bipolar dynamos 2 

Breadth, of pole-piece 11 

'* , of brush-contact 32 

Brushes, dimensioning of 32 

* * , number of 31 

' * , tension of 34 

Brush-holders, examples of 59, 67, 73, 79, 82, 86 
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Calculation of annature 5) 10, 25 

'* *' efficiencies 62, 63 

" " j&eld coils. 40, 46 

* * * * magnetizing forces 44 

Carbon brushes 31 

Cast iron, permeability of 45 

* * steel, permeability of 45 

Classification of annature windings 14 

" " field magnet frames 2 

Coils, armature 14, 18, 19 

Commercial efficiency 63 

Commutation 29 

Commutator, thickness of insulation for 32 

" , heating of 35 

* * segments, difference of potential between 37 

" '* , number of 32 

Comparison of bipolar and multipolar dynamos 2 

* * " lap and wave windings 14 

Compound winding, calculation of 4S 

Contact area of brushes 33 

Cooling surface, see Radiating surface. 

Core, «ee Armature core. 

Cross-magnetization 49 

Currents, eddy, see Eddy currents. 



D 

Demagnetizing armature turns 47 

Depth of armature core 20 

'' '' field windings 42, 46 

Diameter of armature core 6, 7, 8 

shaft 37 

* ' * ' conmiutator 28 

Dimensions of armature bearings 38 

core 6 

Dissipation of energy in armature 25 

'* '' '' field coils 41, 46 

Dynamo, bipolar 2 

, electro-plating 12, 31 

, multipolar 2, 56 
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Dynamos, illustrative designs 57 

20 KW., 130 volt, 800 r.p.m 85 

66 

57 

70 

62 

77 

81 

89 



30 




' 125 




600 




40 




' 220 




600 




50 




' 250 




550 




60 




' 550 




800 




75 




250 




500 




100 




' 230 




600 




300 




' 125 
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E 

Eddy currents 22, 24 

Eflficiencies 52 

Emission of heat from armature 25 

End-insulation, conmiutator 32 

End rings for armature, example of 72 

Energy loss, specific armatiu'e loss 27 



Field density 40, 43 

" distortion 47, 49 

Flux density in air-gap 12 

* * * * * * armature core 20 

'* '' ''pole 40 

*' *' teeth : . . 12, 19 

" *' *' yoke 43 

Flux, leakage 39 

Forms, of pole-pieces 60, 62, 66, 75, 85 

'' , *' slot insulation. 21, 76 

Foucault currents, see Eddy currents. 

Frequency, of commutation 36 

* ' , ' ' magnetic reversals 22 

Friction, of bearings 53 

'' ,'' commutator brushes 34 



G 

Gap, see Air-gap. 

Graphic method of determining length of armature coils 

Generators, see Dynamos. 
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Heating of armatures 25 

* ' * ' bearings 28 

* * * * conunutator 35 

High-speed dynamos 3, 9 

Hollow oonmiutator 35 

Hysteresis, coeflBcient of 22 

, loss in armature core 23 

, loss in armature teeth 23 



it 

it 



I 

Inter-pole dynamos 50 

Insulation, of armature coils 18, 21 

" , ' * commutator bars 16 

Iron, permeability of different kinds of 45 



L 

Lap winding 14 

Lead of brushes 47 

Leakage, coefficient of 39 

Length of armature core 5 

*' ** 'i bearings 38 

' * * * commutator 33 

** '' field coils 42 

' * * * mean turn on armature 19 

*' '' '' '' 'Afield 46 

Losses in armatiu'e 20, 25 

'' '' bearings 53 

* * * * commutator 34 

LowHspeed djmamos 4, 9 



M 



Magnetic flux, see Flux. 

leakage, see Leakage. 

permeability 45 

Magnetizing force, for air-gaps 44 

, * * any part of a circuit 44 
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(( 
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PAOB 

Magnetizing force, for armature core 44 

* * , < < ^ < < compensating armature reaction 48, 50 

*' '' ,*' field frame 44 

Materials for armature insulation 18, 21 

Mica, for conmiutator insulation • 32 

Motor generator set, example 66 

Multipolar dynamos, advantages of 2 

, illustrative designs 57 
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N 

No-load ampere turns . . : 47 

Number of ampere turns 48 

* ' * * armature paths 14 

* * * * * * condutcors 13 

'* ' * brushes 15, 33 

* * * * coils in armature 17 

* * ** commutator segments 16 

* * ** cycles of magnetization 22 

* * ** r.p.m 3 

* * * ' slots in armature 16 

* * * ' useful lines of force 39 



O 

Output of dynamos as a function of the size 7 

Over-compounding 48 



Peripheral speed of armature 9 

'' *' '' commutator 29 

Permeability, table of 45 

Permissible energy dissipation in armatures 27 

** ** field coils 46 

' ' temperature rises 28 

Poles, number of 4 

Pole-pieces, examples of 60, 62, 66, 75, 85 

Position of brushes 47 

Power losses, see Losses. 

Pressure of brushes 34 

Prevention of sparking 29, 49 
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Radiating surface of armature 27 

'* '' field coils 46 

Ratio of length of armature core to diameter 8 

* ' * * width of slots to their pitch on the armature 19 

Relation between temperature increase and peripheral velocity of the 

armature 26 

Resistance, of armature 19 

, *' field 42 

, * * brush contacts 33 
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S 

Saturation, of teeth 12 

Sectional area of armature core 20 

'' '' field frame 43 

'* '* *' core 39 

* * * ' * ' armature conductors 18 

Series winding , 48 

Shaft, calculation of 37 

'' examples of 60, 65, 69, 74, 77, 84, 88 

Shunt-winding, calculation of 46 

Side insulation of commutator 32 

Span, polar 11 

Sparking 29 

Specific energy loss in armature 26 

Speed, of dynamos 3 

* * , * ' armature conductors 9 

' * , * * commutator 29 

Spiders, examples of 58, 63, 66, 72, 78 
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(( 
ft 
(I 
ft 
ti 



of air-gap densities 12 

* ' brush-contact resistance 33 

' * diameters of armatures 10 

* * capacity and number of poles 5 

* ' number of armature slots 16 

* * leakage coeflficients 39 

* ' permeability of different kinds of iron 45 

shu^t-field current 18 
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Table, of speed 3, 4 

* * y ** specific temperature rise of armatures 26- 

*' /* '' '' '' ** commutators 35 

Temperature rise of armature 28 

'' '* '* field coils 28, 46 

*' '* *' commutator. 28, 35 

*' *' '* bearings 28 

Thickness, of armature laminations 24 

'' , ** brushes 32 

* * , * * commutator insulation 32 

Types of armature windings 14 



W 
Wrought iron, permeability of 45 
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Bissler's Modem High Explosives. 8vo $4 00 

* Piebeger's Text-book on Field Fortification Large 12nio, 2 00 

Hamilton and Bond's The Gunner's Catechism 18mo, 1 00 

* Hoff 's Elementary Naval Tactics 8vo,. 1 60 

Ingalls's Handbook of Problems in Direct Fire 8vo. 4 00 

* Interior Ballistics 8vo, 3 00 

* Lissak's Ordnance and Gunnery 8vo, 6 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 1 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. L and II..8vo,each, 6 00 

* Mahan's Permanent Fortifications. (Mercur.) 8vo. half mor. 7 50 

Manual for Courts- martial 16mo, mor. 1 60 

* Mercur's Attack of Fortified Places 12mo, 2 00 

* Elements of the Art of War 8vo, 4 00 

Nixon's Adjutants' Manual 24mo, 1 00 

Peabody's Naval Architecture 8vo, 7 50 

* Phelps's Practical Marine Surveying 8vo, 2 '50 

Putnam's Nautical Charts 8vo, 2 00 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables 8vo^ 5 00 

* Selkirk's Catechism of Manual of Guard Duty 24mo, 60 

Sharpe's Art of Subsisting Armies in War 18mo, mor. 1 60 

* Taylor's Speed and Power of Ships. 2 vols. Text 8vo, plates oblong 4to, 7 60 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing; 

24mo, leather, 60 

* Weaver's Military Explosives 8vo, 3 00 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 1 50 

ASSAYING. 

Betts's Lead Refining by Electrolysis 8vo, 4 00 

♦Butler's Handbook of Blowpipe Analysis 16mo, 75 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 1 50 

Furman and Pardoe's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8 vo, 3 00 

Low's Technical Methods of Ore Analysis 8vo, 3 00 

Miller's Cyanide Process 12mo, 1 00 

Manual of Assaying 12mo, 1 00 

Minet's Production of Aluminum and its Industrial Use. ( Waldo. )...12mo, 2 60 

Ricketts and Miller's Notes on Assaying 8vc, 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vc, 4 00 

* Seamon's Manual for Assayers and Chemists Large 12mo, 2 50 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

Wilson's Chlorination Process 12mo, 1 60 

Cyanide Processes 12mo, 1 50 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth 4to, 3 50 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Hayford's Text-book of Geodetic Astrononjy 8vo, 3 00 

Hosmer's Azimuth 16mo, mor. 1 00 

* Text-book on Practical Astronomy 8vo, 2 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables 8vo, 5 00 

* White's Elements of Theoretical and Descriptive Astronomy 12mo, 2 00 

CHEMISTRY. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) , 8vo, 5 00 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo. 1 25 

Alexeyeff's General Principles of Organic Syntheses. (Matthews.) 8vo, 3 00 

Allen's Tables for Iron. Analysis ,• 8vo. 3 00 

3 



Armsby's Principles of Animal Nutrition 8vo, 

Arnold's Comp>endium of Chemistry. (Mandel.) Lar^e 12mo, 

Association of State and National Pood and Dairy Departments. Hartford 

Meeting. 1906 8vo, 

Jamestown Meeting. 1907 8vo, 

Austen's Notes for Chemical Students. . . • 12mo, 

Bemadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule 12mo. 

* Biltz's Introduction to Inorganic Chemistry. (Hail and Phelan.). . . 12mo, 

Laboratory Methods of Inorganic Chemistry. (Hall and Blanchard.) 

8vo. 

* Bingham and White's Laboratory Manual of Inorganic Chemistry. . 12mo. 

* Blanchard's Synthetic Inorganic Chemistry 12mo, 

* Bottler's German and American Varnish Making. (Sabin.) . . Large 12mo, 
Browne's Handbook of Sugar Analysis. (In Press.) 
-* Browning's Introduction to the Rarer Elements 8vo, 

* Butler's Handbook of Blowpipe Analysis 16mo, 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 
0>hn's Indicators and Test-papers 12mo, 

Tests and Reagents , 8vo, 

Cohnheim's Functions of Enzymes and Ferments. (In Press.) 

* Danneel's Electrochemistry. (Merriam.) I2mo, 

Dannerth's Methods of Textile Chemistry 12mo, 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 

Effront's Enzymes and their Applications. (Prescott.) 8vo, 

Eissler's Modem High Explosives 8vo, 

* Ekeley's Laboratory Manual of Inorganic Chemistry 12mo, 

* Fischer's Oedema 8vo, 

* Physiology of Alimentation Large 12mo, 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 

Fowler's Sewage Works Analyses 12mo, 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells. )8vo, 3 

Quantitative Chemical Analysis. (Cohn.) 2 vols 8vc, 

When Sold Separately. Vol. I. $6. Vol. II, $8. 

Fuertes's Water and Public Health 12mo, 

Furman and Pardee's Manual of Practical Assaying 8vo, 

* Getman's Exercises in Physical Chemistry 12mo, 

Gill's Gas and Fuel Analysis for Engineers 12mo, 

Gooch's Summary of Methods in Chemical Analysis. (In Press.) 

* Gooch and Browning's Outlines of Qualitative Chemical Analysis. 

Large 12mo, 

Grotenfelt's Principles of Modem Dairy Practice. (WoU.) 12mo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

* Hammarsten's Text-book of Physiological Chemistry. (Mandel.) 8vo, 

Hanausek's Microscopy of Technical Products. (Win ton.) 8vo, 

* Haskins and Macleod's Organic Chemistry 12mo, 

* Herrick's Denatured or Industrial AJcohol 8vo, 

Hinds's Inorganic Chemistry 8vc, 

* Laboratory Manual for Students I2mo, 

* HoUeman's Laboratory Manual of Organic Chemistry for Beginners. 

(Walker.) I2mo. 

Text-book of Inorganic Chemistry. (Cooper.) 8vo, 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 

* (Ekeley) Laboratory Manual to Accompany HoUeman's Text-book of 

Inorganic Chemistry 12mo, 

HoUey's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 

Hopkins's Oil-chemists' Handbook 8vo 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 
Johnson's Rapid Methods for the Chemical Analysis of Special Steels, Steel- 
making Alloys and Graphite Large 12mo, 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

Lassar-Cohn's Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) 12mo. 1 00 
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Leach's Inspection and Analysis of Pood with Special Reference to State 

Control 8vo^ $7 60 

Ldb's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8vo, 3 00 

Low's Technical Method of Ore Analysis.. .« 8vo, 3 00 

Ix>we's Paint for Steel Structures 12mo, 1 00 

Lunge's Techno-chemical Analysis. (Cohn.) 12mo, 1 00 

* McKay and Larsen's Principles and Practice of Butter-making 8vo. 1 50 

Maire's Modem Pigments and their Vehicles 12mo, 2 00 

Mandel's Handbook for Bio-chemical Laboratory 12mo, 1 50 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe 

12mo, 60 

Mason's Examination of Water. (Chemical and Bacteriological.) 12mo, 1 25 

Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 00 

* Mathewson's First Principles of Chemical Theory 8vo, 1 00 

Matthews's Laboratory Manual of Dyeing and Textile Chemistry 8vo, 3 50 

Textile Fibres. 2d Edition, Rewritten 8vo, 4 00 

* Meyer's Determination of Radicles in Carbon Compounds. (Tingle.) 

Third Edition 12mo. 1 25 

Miller's Cyanide Process 12mo, 1 00 

Manual of Assaying 12mo, 1 00 

Minet's Production of Aluminum and its Industrial Use. ( Waldo. )...12mo, 2 50 

* Mittelstaedt's Technical Calculations for Sugar Works. (Bourbakis.) 12mo, 1 50 

Mixter's Elementary Text-book of Chemistry 12mo. 1 50 

Morgan's Elements of Physical Chemistry 12mo, 3 00 

* Physical Chemistry for Electrical Engineers 12mo, 1 50 

* Moore's Experiments in Organic Chemistry 12mo, 60 

* Outlines of Organic Chemistry 12mo, 1 50 

Morse's Calculations used in Cane-sugar Factories I6mo, mor. 1 50 

* Muir's History of Chemical Theories and Laws 8vo, 4 00 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I. Compounds of Carbon with Hydrogen and Oxygen. Large 8vo, 5 00 

Vol. II. Nitrogenous Compounds. (In Preparation.) 

Vol. III. The Commercial Dyestuffs Large 8vo, 5 00 

* Nelson's Analysis of Drugs and Medicines 12mo, 5 00 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) 12mo, 1 50 

Part Two. (TumbuU.) 12mo, 2 00 

* Introduction to Chemistry. (Hall and Williams.) Large 12mo, 1 50 

Owen and Standage's Dyeing and Cleaning of Textile Fabrics 12mo, 2 00 

* Palmer's Practical Test Book of Chemistry 12mo, 1 00 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) . . 12mo, 1 25 
Penfield's Tables of Minerals, Including the Use of Minerals and Statistics 

of Domestic Production 8vo, 1 00 

Pictet's Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 5 00 

Poole's Calorific Power of Fuels 8vo, 3 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 1 50 

* Reisig's Guide to Piece-Dyeing 8vo, 25 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo. 2 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Rideal's Disinfection and the Preservation of Food. 8vo, 4 00 

Riggs's Elementary Manual for the Chemical Laboratory 8vo, 1 25 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Ruddiman'a Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy I2mo, 1 00 

* Ruer's Elements of Metallography. (Mathewson.) 8vo, 3 00 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vb, 3 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorflf.) 8vo, 2 50 

* Schimpf's Essentials of Volumetric Analysis Large 12mo, 1 50 

Manual of Volumetric Analysis. (Fifth Edition, Rewritten) 8vo, 5 00 

* Qualitative Chemical Analysis 8vo, 1 25 

* Seamon's Manual for Assayers and Chemists Large 12mo, 2 50 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

Spencer's Handbook for Cane Sugar Manufacturers 16mo, mor. 3 00 

Handbook for Chemists of Beet-sugar Houses 16mo, mor. 3 00 
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Stockbridge's Rocks and Soils 8vo, 

Stone's Practical Testing of Gas and Gas Meters 8vo, 

* Tillman's Descriptive General Chemistry 8vo, 

* Elementary Lessons in Heat 8vo. 

Treadwell's Qualitative Analysis. (Hall.) 8vo, 

Quantitative Analysis. (Hall.) . . .* 8vo, 

Tumeaure and Russell's Public Water-supples 8vo, 

Van Dcventer's Physical Chemistry for Beginners. (Boltwood.) 12mo, 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo. 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Reining. Vol. 1 8vo. 

Vol. II 8vo. 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 

♦ Weaver's Military Explosives 8vo. 

Wells's laboratory Guide in Qualitative Chemical Analysis 8vo, 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo, 

Text-book of Chemical Arithmetic 12mo, 

Whipple's Microscopy of Drinking-water 8vo, 

Wilson's Chlorination Process 12mo, 

Cyanide Processes 12mo, 

Winton's Microncopy of Vegetable Poods 8vo, 

Zsigmondy's CoUdds and the Ultramicroscope. (Alexander.).. Large 12mo, 



CIVIL ENGINEERING. 

BRIDGES AND ROOPS. HYDRAULICS. MATERIALS OP ENGINEER- 
ING. RAILWAY ENGINEERING. 

* American Civil Engineers' Pocket Book. (Mansfield Merriman, Editor- 

in-chief.) 16mo, mor. 5 00 

Baker's Engineers' Surveying Instruments 12mo, 3 00 

Bixby's Graphical (imputing Table Paper 19 J X 24i inches. 26 

Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying 8vo, 3 00 

Vol. II. Higher Surveying 8vo, 2 50 

* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 50 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 1 25 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Davis's Elevation and Stadia Tables 8vo, 1 00 

* Eckel's Building Stones and Clays 8vo, 3 00 

Elliott's Engineering for Land Drainage 12mo, 2 00 

* Fiebeger's Treatise on Civil Engineering 8vo, 5 00 

Flemer's Phototopographic Methods and Instruments 8vo, 5 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering 8vo, 3 50 

French and Ives's Stereotomy 8vo, 2 50 

* Hauch and Rice's Tables of Quantities for Preliminary Estimates. . . 12mo, 1 25 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Hering's Ready Reference Tables (Conversion Factors.) 16mo, mor. 2 50 

Hosmer's Azimuth 16mo, mor. 1 00 

* Text-book on Practical Astronomy 8vo, 2 00 

Howe's Retaining Walls for Earth 12mo. 1 25 

* Ives's Adjustments of the Engineer's Transit and Level 16mo, bds. 0*25 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geod- 
esy 16mo, mor. 1 50 

* Johnson (J.B.) and Smith's Theory and Practice of Surveying . Large 12mo, 3 50 
Johnson's (L. J.) Statics by Algebraic and Graphic Methods •. ... . .8vo, 2 00 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 3 00 

* Mahan's Descriptive Geometry 8vo, 1 50 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

Merriman and Brooks's Handbook for Surveyors lOmo, mor. 2 00 

Nugent's Plane Surveying 8vo, 3 50 

Ogden's Sewer Construction 8vo, 3 00 

Sewer Design 12mo. 2 00 



* Ogden and Cleveland's Practical Methods of Sewage Disposal for Resi- 

dences, Hotels, and Institutions 8vo, $1 SO 

Parsons's Disposal of Municipal Refuse. 8vo, 2 00 

Patton's Treatise on Civil Engineering 8vo, half leather. 7 60 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Peele.).8vo. 3 00 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, 1 60 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 2 60 

Soper's Air and Ventilation of Subways 12mo, 2" 60 

* Tracy's Exercises in Surveying 12mo. mor. 1 00 

Tracy's Plane Surveying 16mo, mor. 3 00 

Venable's Garbage Crematories in America 8^0, 2 00 

Methods and Devices for Bacterial Treatment of Sewage 8vo. 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep. 6 60 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 6 00 

Sheep, 6 60 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 2 60 

* Waterbiwy's Vest-Pocket Hand-book of Mathematics for Engineers. 

2^ X 6f inches, mor. 1 00 

* Enlarged Edition. Including Tables mor. 1 60 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

16rao, mor. 1 26 

Wilson's Topographic, Trigonometric and Geodetic Surveying. 8vo. 3 60 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges..8vo, 2 .00 

* Thames River Bridge Oblong paper, 6 (X> 

Burr and Falk's Design and Construction of Metallic Bridges 8vo, 6 00 

Influence Lines for Bridge and Roof Computations 8vo, 3 00 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Ordinary Foundations". 8vo, 3 60 

Greene's Arches in Wood, Iron, and Stone 8vo, 2 60 

Bridge Trusses 8vo, 2 60 

Roof Trusses 8vo, ,1 26 

Grimm's Secondary Stresses in Bridge Trusses 8vo, 2 60 

Heller's Stresses in Structures and the Accompanying Deformations.. . .8vo, 3 00 

Howe's Design of Simple Roof-trusses in Wood and Steel 8vo, 2 00 

Symmetrical Masonry Arches 8vo, 2 60 

Treatise on Arches 8vo, 4 00 

* Hudson's Deflections and Statically Indeterminate Stresses Small 4to, 3 60 

* Plate Girder Design 8vo, 1 60 

* Jacoby's Structural Details, or Elements of Design in Heavy. Framing, 8vo, 2 26 
Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Snxall 4to, 10 00 

* Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures. New Edition. Part 1 8vo, 3 00 

* Part II. New Edition 8vo, 4 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo. 2 60 

Part II. Graphic Statics 8vo, 2 60 

Part HI. Bridge Design 8vo. 2 60 

Part IV. Higher Structures 8vo, 2 60 

Ricker's Design and Construction of Roofs. (In Pr^ss.) 

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and 

Arches 8vo, 2 00 

Waddell's De Pontibus, Pocket-book for Bridge Engineers 16mo. mor. 2 00 

* Specifications for Steel Bridges 12mo, 60 

HYDRAULICS. 

Barnes's Ice Formation 8vo, 3 00 

Basin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwinc.) .' .8v6, 2 00 
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Hudson's Tables for Calculating the Cubic Contents of Excavations and Rm- 

bankraents. 8vo, $1 00 

Ives and Hilts's Problems in Surveying, Railroad Survejringand Geodesy 

Ifkao, mor. 1 50 

Molitor and Beard's Manual for Resident Engineers 16mo. 1 00 

Nagle's Field Manual for Railroad Engineers 16mo, mor. .S 00 

* Orrock's Railroad Structures and Estimates 8vo, 3 00 

Philbrick's Field Manual for Engineers 16mo, mor. 3 00 

Raymond's Railroad Field Geometry 16mo, mor. 2 00 

Elements of Railroad Engineering 8vo, 3 50 

Railroad Engineer's Field Book. (In Preparation.) 

Roberts' Track Formulae and Tables lOmo. mor. 3 00 

Searles's Field Engineering lOmo. mor. 3 00 

Railroad Spiral 16mo, mor. 1 50 

Taylor's Prismoidal Formulae and Earthwork 8vo, 1 60 

Webb's Economics of Railroad Construction Large 12mo, 2 50 

Railroad Construction 16mo, mor. 6 00 

Wellington's Economic Theory of the Location of Railways Large 12mo, 5 00 

Wilson's Elements of Railroad-Track and Construction 12mo. 2 00 

DRAWING. 

Barr and Wood's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* •• " " AbridgedEd 8vo, 150 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 1 50 

Blessing and Darling's Descriptive Geometry. (In Press.) 

Elements of Drawing. (In Press.) 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 2 50 

Durley's Kinematics of Machines 8vo, 4 00 

Emch's Introduction to Projective Geometry and its Application 8vo, 2 50 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 2 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 50 

Jones's Machine Design: 

Part I. Kinematics of Machinery. 8vo, 1 50 

Part II. Form, Strength, and Proportions of Parts 8vo, 3 00 

* Kimball and Barr's Machine Design 8vo, 3 00 

MacCk>rd's Elements of Descriptive Geometry 8vo, 3 00 

Kinematics; or. Practical Mechanism 8vo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams 8vo, 1 50 

McLeod's Descriptive Geometry Large 12mo, 1 50 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 50 

Industrial Drawing. (Thompson.) 8vo, 3 50 

Moyer's Descriptive Geometry 8vo, 2 00 

Reed's Topographical Drawing and Sketching 4to, 5 00 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design.. 8vo, 3 00 

Robinson's Principles of Mechanism • 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 2 60 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 1 25 

Tracy and North's Descriptive Geometry. (In Press.) 

Warren's Elements of Descriptive Geometry, Shadows, and Perspective. . 8vo, 3 50 

.Elements of Machine Construction and Drawing 8vo, 7 50 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, 1 00 

General Problems of Shades and Shadows 8vo, 3 00 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadow 12mo, 1 00 

Manual of Elementary Projection Drawing 12mo, 1 50 

Plane Problems in Elementary Geometry 12mo, 1 25 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) 8vo, 5 00 

Wilson's (H. M.) Topographic Surveying 8vo, 3 50 
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* Wilson's (V. T.) Descriptive Geometry 8vo. $1 60 

Free-hand LetterinR 8vo, 1 00 

Pree-hand Perspective 8vo, 2 60 

Woolf 's Elementary Course in Descriptive Geometry Large 8vo, 3 00 

ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.') 12mo, 1 25 

Andrews's Hand-book for Street Railwa y Engineers 3X5 inches mor. 1 26 

Anthony and Ball's Lecttire-notes on the Theory of Electrical Measure- 
ments 12mo. 1 00 

Anthony and Brackett's Text-book of Physics. (Magie.). . . .Large I2mo, 3 00 

Benjamin's History of Electricity 8vo, 3 00 

Betts's Lead Refining and Electrolysis 8vo, 4 00 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition 8vo, 4 00 

Classen's Quantitative Chemical Analysis by Electrolysis. ( Bolt wood.). 8 vo, 3 00 

* CoUins's Manual of Wireless Telegraphy and Telephony 12mo, 1 60 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Danneel's Electrochemistry. (Merriam.) 12mo, 1 25 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . 16mo, raor. 6 00 
Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo, 2 60 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Flather's Dynamometers, and the Measurement of Power 12mo. 3 00 

* Getman's Introduction to Physical Science 12mo, 1 60 

Gilbert's De Magnete. (Mottelay ) 8vo, 2 60 

* Hanchett's Alternating Currents , 12mo, 1 00 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 2 60 

* Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 6 00 

Holman's Precision of Measurements 8vo, 2 00 

Telescope-Mirror-scale Method, Adjustments, and Tests Large 8vo, 75 

* Hutchinson's High-Efficiency Electrical lUuminants and Illumination. 

Large 12mo, 2 60 

* Jones's Electric Ignition 8vo, 4 00 

Karapetoff's Experimental Electrical Engineering: 

* Vol. 1 8vo, 3 50 

* Vol. II 8vo, 2 50 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 2 00 

* Koch's Mathematics of Applied Electricity Small 8vo, 3 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

* Lauffer's Electrical Injuries lOmo, 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

* Lyndon's Development and Electrical Distribution of Water Power. .8vo, 3 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols, I. and II. 8vo, each, 6 00 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 00 

* Morgan's Physical Chemistry for Electrical Engineers 12mo, 1 50 

* Norris's Introduction to the Study of Electrical Engineering 8vo, 2 50 

Norris and Dennison's Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to, half mor, 12 50 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). .8vo, 2 00 

* Ryan's Design of Electrical Machinery: 

* Vol. I. Direct Current Dynamos i 8vo, 1 50 

Vol. II. Alternating Current Transformers 8vo, 1 50 

Vol. III. Alternators, Synchronous Motors, . and Rotary Converters. 

(In Preparation.) 

Ryan, Norris, and Hoxie's Text Book of Electrical Machinery 8vo, 2 60 

Schapper's Laboratory Guide for Students in Physical Chemistry 12mo, 1 00 

* Tillman's Elementary Lessons in Heat 8vo. 1 60 

* Timbie's Elements of Electricity Large 12mo, 2 00 

* Answers to Problems in Elements of Electricity 12mo, Paper 25 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Ulke's Modem Electrolytic Copper Refining 8vo, o 00 

* Waters's Commercial Dynamo Design 8vo, 2 00 
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LAW. 

* Brennan's Hand-book of Useful Legal Information for Btisiness Men. 

16mo. mor. 95 00 

* Davis's Elements of Law 8vo, 2. 50 

* Treatise on the Military Law of United States 8vo. 7 00 

* Dudley's Military Law and the Procedtare of Courts-martial. . Large 12mo, 2 50 

Manual for Courts-martial 16mo, mor. 1 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep. 6 50 

Law of Contracts 8vo. 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 00 

Sheep. 5 50 

MATHEMATICS. 

Baker's Elliptic Functions 8vo, 1 50 

Briggs's Elements of Plane Analytic Geometry. (Bdcher.) 12mo, 1 QO 

* Buchanan's Plane and Spherical Trigonometry 8vo. I 00 

Byerly 's Harmonic Functions 8vo, 1 00 

Chandler's Elements of the Infinitesimal Calculus 12mo, 2 00 

* Coffin's Vector Analysis 12mo, 2 50 

Compton's Manual of Logarithmic Computations 12mo. 1 50 

* Dickson's College Algebra Large 12mo, 1 50 

* Introduction to the Theory of Algebraic Equations Large 12mo, 1 25 

Erach's Introduction tb Projective Geometry and its Application 8vo, 2 50 

Fiske's Functions of a Complex Variable Svo, 1 00 

Halsted's Elementary Synthetic Geometry Syo, 1 50 

Elements of Geometry Svo, 1 75 

♦ Rational Geometry. 12mo. 1 50 

Synthetic Projective Geometry Svo, 1 00 

* Hancock's Lectures on the Theory of Elliptic Functions Svo, 5 00 

Hyde's Grassmann's Space Analysis Svo, 1 00 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 15 

♦ 100 copies. 5 00 

* Mounted on heavy cardboard, 8 X 10 inches. 25 

♦ 10 copies, 2 00 
Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus. 

Large 12mo, 1 vol. 2 50 

Curve Tracing in Cartesian Co-ordinates 12mo, 1 00 

Differential Equations Svo, 1 00 

Elementary Treatise on Differential Calculus Large 12mo, 1 60 

Elementary Treatise on the Integral Calculus Large 12mo, I 50 

* Theoretical Mechanics I2mo, 3 00 

Theory of Errors and the Method of Least Squares 1 2mo, 1 50 

Treatise on Differential Calculus Large 12mo, 3 00 

Treatise on the Integral Calculus Large 12mo, 3 00 

Treatise on Ordinary and Partial Differential Equations. . .Large I2mo. 3 50 

Karapetoff's Engineering Applications of Higher Mathematics: 

* Part I. Problems on Machine Design Large 12mo, 75 

* Koch's Mathematics of Applied Electricity Svo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . 12mo, 2 00 

* Le Messurier's Key to Professor W. W. Johnson's Differential Equations. 

Small Svo, 1 75 

* Ludlow's Logarithmic and Trigonometric Tables Svo, 1 00 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic an4 Other 

Tables •. . Svo, 3 00 

* Trigonometry and Tables published separately ^Each. 2 00 

Macfarlane's Vector Analysis and Quaternions Svo, 1 00 

McMahon's Hyperbolic Functions ^vo, 1 00 

Manning's Irrational Numbers and their Representation by Sequences s.\nd 

Series 12n''o, 1 25 

* Martin's Text Book on Mechanics. Vol. I. Statics 12m<>. 1 25 

* Vol. II. Kinematics and Kinetics 12mo. 1 6§ 

* Vol. III. Mechanics of Materials 12mo,\ 1 5* 
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Mathematical Monographs. Edited by Mansfield Meniman and Robert 

S. Woodward Octavo, each $1 00 

No. 1. History of Modem Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 6. Harmonic Func- 
tions, by William E.^Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Eqizations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Piske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Method of Least Squares 8vo, 2 00 

Solution of Equations 8vo, 1 00 

* Moritz's Elements of Plane Trigonometry 8vo, 2 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large 12mo. 1 50 

Elementary T^^eatise on the Differential Calculus Large 12mo. 3 00 

Smith's History of Modem Mathematics 8vo, 1 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2iX5f inches, mor. 1 00 

* Enlarged Edition, Including Tables mor. 1 60 

Weld's Determinants Svo, 1 00 

Wood's Elements of Co-ordinate Geometry Svo. 2 00 

Woodward's Probability and Theory of Errors 8vo, 1 00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING. STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice 12mo, 1 50 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Barr and Wood's Kinematics of Machinery Svo, 2 50 

* Bartlett's Mechanical Drawing Svo, 3 00 

* " •• " Abridged Ed Svo, 1 50 

* Bartlett and Johnson's Engineering Descriptive Geometry Svo, 1 50 

* Burr's Ancient and Modem Engineering and the Isthmian Canal Svo, 3 50 

Carpenter's Heating and Ventilating Buildings Svo, 4 00 

* Carpenter and Diederichs's Experimental Engineering Svo, 6 do 

* Clerk's The Gas. Petrol and Oil Engine Svo, 4 00 

Compton's First Lessons in Metal Working 12mo. 1 so 

Compton and De Groodt's Speed Lathe 12mo, 1 50 

Coolidge's Manual of Drawing Svo, paper. 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 2 50 

Cromwell's Treatise on Belts and Pulleys 12mo. 1 50 

Treatise on Toothed Gearing. . ^ 12mo, 1 50 

Dingey's Machinery Pattern Making 12mo, 2 00 

Durley's Kinematics of Machines Svo, 4 00 

Flanders's Gear-cutting Machinery Large 12mo, 3 00 

Flather's Dynamometers and the Measurement of Power 12mo, 3 00 

Rope Driving 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

Goss's Locomotive Sparks Svo, 2 00 

* Greene's Pumping Machinery Svo, 4 00 

Hering's Ready Reference Tables (Conversion Factors) 16mo. mor. 2 50 

* Hobart and Ellis's High Speed Dynamo Electric Machinery Svo, 6 00 

Hutton's Gas Engine Svo, 5 00 

Jamison's Advanced Mechanical Drawing Svo, 2 00 

Elements of Mechanical Drawing Svo, 2 50 

Jones's Gas Engine Svo. 4 00 

Machine Design: 

Part I. Kinematics of Machinery Svo, 1 50 

Part II. Form. Strength, and Proportions of Parts Svo. 3 00 
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* Kaup's Machine Shop Practice Large 12ino 

* Kent's Mechanical Engineer's Pocket-Book 16mo, mor 

Kerr's Power and Power Transmission 8vo 

* Kimball and Barr's Machine Design 8vo 

* King's Elements of the Mechanics' of Materials and of Power of Trans- 

mission 8vo 

* Lanza's Dynamics of Machinery Svo 

Leonard's Machine Shop Tools and Methods Svo 

* Levin's Gas Engine Svo 

* Lorenz's Modem Refrigerating Machinery, (Pope, Haven, and Dean). .Svo 
MacCord's Kinematics; or, Practical Mechanism Svo 

Mechanical Drawing. 4to 

Velocity Diagrams Svo 

MacParland's Standard Reduction Factors for Gases Svo 

Mahan's Industrial Drawing. (Thompson.) Svo 

Mehrtens's Gas Engine Theory and Design Large 12mo 

Miller. Berry, and Riley's Problems in Thermodynamics and Heat Engineer- 

inj ^ Svo, paper 

Oberg's Handbook of Small Tools Large 12mo 

* Parshall and Hobart's Electric Machine Design. Small 4to.- half leather 

* Peele's Compressed Air Plant. Second Edition, Revised and Enlarged. Svo 

* Perkins's Introduction to General Thermodynamics 12mo 

Poole's Calorific Power of Fuels Svo 

* Porter's Engineering Reminiscences. 1S66 to 1SS2 Svo 

Randall's Treatise on Heat. (In Press.) 

* Reid's Mechanical Drawing. (Elementary and Advanced.) Svo 

Text-book of Mechanical Drawing and Elementary Machine Design. Svo 

Richards's Compressed Air 12mo 

Robinson's Principles of Mechanism Svo 

Schwamb and Merrill's Elements of Mechanism Svo 

Smith (A. W.) and Marx's Machine Design Svo 

Smith's (O.) Press-working of Metals Svo 

Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo 

Stone's Practical Testing of Gas and Gas Meters Svo 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics 

12mo 

Treatise on Friction and Lost Work in Machinery and Mill Work . . . Svo 

* Tillson's Complete Automobile Instructor 16mo 

* Titsworth's Elements of Mechanical Drawing Oblong Svo 

Warren's Elements of Machine Construction and Drawing Svo 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. / 

2jX5t inches, mor. 

* Enlarged Edition, Including Tables mor. 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

Klein.) Svo, 

Machinery of Transmission and Governors. (Hermann — Klein.). .Svo, 
Wood's Turbines Svo, 
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MATERIALS OF ENGINEERING. 



Burr's Elasticity and Resistance of the Materials of Engineering Svo, 7 50 

Church's Mechanics of Engineering Svo, 6 00 

Mechanics of Solids (Being Parts I, IT, III of Mechanics of Engineering). 

Svo. 4 50 

♦ Greene's Structural Mechanics Svo, 2 50 

HoUey's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels, Steel-Making Alloys and Graphite Large I2mo, 3 00 

Johnson's (J. B.) Materials of Construction Svo, 6 00 

Keep's Cast Iron Svo, 2 50 

* Kingts Elements of the Mechanics of Materials and of Power of Trans- 

mission Svo, 2 50 

Lanza's Applied Mechanics Svo, 7 50 

Lowe's Paints for Steel Structures 12mo, 1 00 

Maire's Modem Pigments and their Vehicles 12mo, 2 00 
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Maxirer's Technical Mechanics 8vo. 

Meniman's Mechanics of Materials 8vo, 

* Strength of Materials 12mo. 

Metcalf's Steel. A Manual for Steel-users 12mo. 

* Murdock's Strength of Materials 12mo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo. 

Smith's (A. W.) Materials of Machines 1 2mo. 

* Smith's (H. E.) Strength of Material 12mo. 

Thurston's Materials of Engineering .3 vols., 8vo. 

Part I. Non-metallic Materials of Engineering 8vo. 

Part II. Iron and Steel 8vo. 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 
Constituents 8vo. 

* Waterbury's Laboratory Manual for Testing Materials of Construction. 

12mo. 

Wood's (De V.) Elements of Analytical Mechanics 8vo. 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo. 2 00 

Wo2d's (M. P.) Rustless Coatings* Corrosion and Electrolysis of Iron and 

Steel 8vo. 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
larged 12mo. 

Canlot's Reflections on the Motive Power of Heat. (Thurston.) 12mo, 

Chase's Art of Pattern Making 12mo, 

Creighton's Steam-engine and other Heat Motors 8vo, 

Dawson's "Engineering" and Electiic Traction Pocket-book. .. . ItJmo. mor. 

* Gebhardt's Steam Power Plant Engineering 8vo, 

Goss's Locomotive Performance 8vo, 

Hemen way's Indicator Practice and Steam-engine Economy 12mo, 

Hirshfeld and Barnard's Heat Power Engineering. (In Press.) 

Hutton's Heat and Heat-engines 8vo. 

Mechanical Engineering of Power Plants 8vo. 

Kent's Steam Boiler Economy 8vo, 

Kneass's Practice and Theory of the Injector 8vo, 

MacCord's Slide-valves 8vo, 

Meyer's Modem Locomotive Construction 4to. 

Miller, Berry, and Riley's Problems in Thermodynamics 8vo, paper, 

Moyer's Steam Turbine Svo, 

Peabody's Manual of the Steam-engine Indicator 12mo, 

Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table 8vo, 

Thermodynamics of the Steam-engine and Other Heat-engines, . . . 8vo. 

* Thermodynamics of the Steam Turbine Svo, 

Valve-gears for Steam-engines ; Svo, 

Peabody and Miller's Steam-boilers Svo, 

* Perkins's Introduction to General Thermodynamics 12mo. 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) 12mo, 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 

Sinclair's Locomotive Engine Running and Management 12mo. 

Smart's Handbook of Engineering Laboratory Practice 12mo, 

Snow's Steam-boiler Practice Svo, 

Spangler's Notes on Thermodynamics 12mo, 

Valve-gears Svo, 

Spangler, Greene, and Marshall's Elements of Steam-engineering Svo, 

Thomas's Steam-turbines Svo. 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake Svo, 

Manual of Steam-boilers, their Designs, Construction, and Operation Svo. 

Manual of the Steam-engine 2 vols., Svo, 

Part I. History, Structure, and Theory Svo, 

Part II. Deagn, Construction, and Operation ,Svo, 
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Wdirenfennig's Analysis and Softening of Boiler Peed-water. (Patterson.) 

8vo, $4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design 8vo. 5 00 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . . 8vo, 4 00 

MECHANICS PURE AND APPLIED. 

Church's Mechanics of Engineering 8vo, 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering). . 8vo, 

♦ Mechanics of Internal Work 8vo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 

8vo, 

Notes and Examples in Mechanics 8vo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, 
Du Bois's Elementary Principles of Mechanics: 

Vol. I. Kinematics 8vo, 

Vol. II. Statics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. II Small 4to. 

* Greene's Structural Mechanics 8vo, 

* Hartmann's Elementary Mechanics for Engineering Students 12mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large I2mo, 

* Johnson's (W. W.) Theoretical Mechanics 12mo, 

* Kifag's Elements of the Mechanics of Materials and of Power of Trans- 

mission , 8vo, 

Lanza's Applied Mechanics 8vo, 

* Martin's "Text Book on Mechanics, Vol. I, Statics 12mo, 

* Vol. II. Kinematics and Kinetics 12mo, 

♦ Vol. III. Mechanics of Materials . .' 12mo, 

Mavirer's Technical Mechanics " 8vo, 

* Merriman's Elements of Mechanics 12mo, 

Mechanics of Materials 8vo, 

* Michie's Elements of Analytical Mechanics 8vo, 

Robinson's Principles of Mechanism 8vo, 

Sanborn's Mechanics Problems Large I2mo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Wood's Elements of Analytical Mechanics 8vo, 

Principles of Elementary Mechanics 12mo, 

MEDICAL. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 5 00 

von Behring's Suppression of Tuberculosis. (Bolduan.) 12mo, 1 00 

* Bolduan 's Immune Sera 12mo, 1 60 

Bordet's Studies in Immunity. (Gay.) 8vo, 6 00 

* Chapin's The Sources and Modes of Infection Large 12mo, 3 00 

Davenpoit's Statistical Methods with Special Reference to Biological Varia- 
tions 16mo, mor. 1 60 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo, 6 00 

* Fischer's Nephritis Large 12mo, 2 60 

♦Oedema 8vo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00 

* de Fursac's Manual of Psychiatry. (RosanofE and Collins.) . . . Large 12mo, 2 60 

* Hammarsten's Text-book on Physiological Chemistry. (Mandel.).. . .8vo, 4 00 
Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 1 26 
Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 12mo, 1 00 

* Lauffer's Electrical Injuries 16mo, 60 

Mandel's Hand-book for the Bio-Chemical Laboratory 12mo, 1 60 

* Nelson's Analysis of Drugs and Medicines l2mo, 3 00 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer. )..12mo, 1 25 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.). . 12mo, 1 00 

Rostoski's Serum Diagnosis. (Bolduan.) I2mo, 1 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy , I2mo, 1 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) .. ..8vo, 2 50 
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* Satterlee's Outlines of Human Embryology 12mo, $1 25 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

* Whipple's Tyhpoid Fever Large 12mo, 3 00 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 1 50 

* Personal Hj^ene 12mo, 1 00 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 
and Suggestions for Hospii;al Architecture, with Plans for a Small 

Hospital 12mo, 1 25 

METALLURGY. 

Betts's Lead Refining by Electrolysis 8vo, 4 00 

Holland's Encyclopedia of Founding and Dictionary of Foundry Terms used 

in the Practice of Moulding , 12mo. 3 00 

Iron Founder 12mo, 2 50 

Supplement 12mo, 2 50 

* Borchers's Metallurgy. (Hall and Hayward.) 8vo, 3 00 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition 8vo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Goesel's Minerals and Metals : A Reference Book 16mo, mor. 3 00 

* Ites's Lead-smelting 12mo, 2 50 

Johnson's Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo, 3 00 

Keep's Cast Iron 8vo, 2 50 

Mstcalf's Steel. A Manual for Steel-users 12mo, 2 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 2 50 

* Palmer's Foundry Practice Large 12mo, 2 00 

* Price and Meade's Technical Analysis of Brass 12mo, 2 00 

* Ruer's Elements of Metallography. (Mathewson.) 8vo, 3 00 

Smith's Materials of Machines 12mo, 1 00 

Tate and Stone's Fovmdry Practice I2mo, 2 00 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 00 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

U Ike's Modem Electrolytic Copper Refining 8vo, 3 00 

West's American Foundry Practice 12mo, 2 50 

Moulders' Text Book I2mo. 2 50 



MINERALOGY. 

* Browning's Introduction to the Rarer Elements 8vo, 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 

Butler's Pocket Hand-book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals 8vo, paper, 

Cloth, 

* Crane's Gold and Silver 8vo, 

Dana's First Appendix to Dana's New "System of Mineralogy". .Large 8vo, 
Dana's Second Appendix to Dana's New *' System of Mineralogy." 

Large 8vo, 

Manual of Mineralogy and Petrography I2mo, 

Minerals and How to Study Them I2mo, 

System of Mineralogy Large 8vo, half leather. 

Text-book of Mineralogy 8vo, 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Eakle's Mineral Tables 8vo, 

* Eckel's Building Stones and Clays 8vo, 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

* Groth's The Optical Properties of Crystals. (Jackson.) 8vo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

* Hayes's Handbook for Field Geologists 16mo, mor. 

Iddings's Igneous Rocks 8vo, 

Rock Minerals 8vo. 
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Johannaen's Determination of Rock-forming Minerals in Thin Sections. 8vo, 

With Thumb Index $5 00 

* Martin's Laboratory Guide to Qualitative Analysis with the Blow- 

pipe 12mo, 60 

Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Stones for Building and Decoration 8vo, 6 00 

* Penfield's Notes on Determinative Mineralogy and Record of Miners* Tests. 

8vo, paper, 50 
Tables of Minerals. Including the Use of Minerals and Statistics of 

Domestic Production ' 8vo. 1 00 

* Pirsson's Rocks and Rock Minerals 12mo. 2 50 

* Richards 's Synopsis of Mineral Characters 12mo, mor. 1 25 

* Ries's Clays: Their Occurrence, Properties and Uses 8vo, 5 00 

* Ries and Leighton's History of the Clay-working industry of the United 

States 8vo. 2 60 

* Rowe's Practical Mineralogy Simplified 12mo. 1 25 

* Tillman's Text-book of Important Minerals and Rocks 8vo, 2 00 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 2 00 

MINING. 

* Beard's Mine Gases and Explosions Large 12mo, 3 00 

* Crane's Gold and Silver 8vo, 5 00 

* Index of Mining Engineering Literature 8vo, 4 00 

* 8vo, mor. 5 00 

* Ore Mining Methods 8vo, 3 00 

* Dana and Saunders's Rock Drilling 8vo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Eissler's Modem High Explosives 8vo, 4 00 

* Gilbert Wightman and Saunders's Subways and Tunnels of New York. 8vo, 4 00 

Goesel's Minerals and Metals : A Reference Book 16mo, mor. 3 00 

Ihlseng's Manual of Mining 8vo, 5 00 

* Iles's Lead Smelting •.. 12mo, 2 50 

* Peele's Compressed Air Plant 8vo, 3 50 

Riemer's Shaft Sinking Under Difficult Conditions. (Coming and Peele.)8vo, 3 00 

* Weaver's Military Explosives 8vo, 3 00 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten 12mo, 2 50 

Treatise on Practical and Theoretical Mine Ventilation 12mo, 1 25 

SANITARY SCIENCE. 

Association of State and National Food and Dairy Departments, Hartford 

Meeting, 1906 8vo, 3 00 

Jamestown Meeting, 1907 8vo, 3 00 

* Bashore's Outlines of Practical Sanitation 12mo, 1 25 

Sanitation of a Country House 12mo, 1 00 

Sanitation of Recreation Camps and Parks 12mo, 1" 00 

* Chapin's The Sources and Modes of Infection Large 12mo, 3 00 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fuertes's Water-filtration Works 12mo, 2 50 

Water and Public Health. 12mo, 1 50 

Gerhard's Guide to Sanitary Inspections 12mo, 1 50 

* Modem Baths and Bath Houses 8vo, 3 00 

Sanitation of Public Buildings 12mo, 1 50 

* The Water Supply, Sewerage, and Plumbing of Modem City Buildings. 

8vo, 4 00 

Hazen's Clean Water and How to Get It Large 12mo, 1 50 

Filtration of Public Water-supplies 8vo, 3 00 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 3 (X) 

Leach's Inspection and Analysis of Food with Special Reference to State 

(x>ntrol 8vo, 7 50 

Mason's Examination of Water. (Chemical and Bacteriological) 12mo, 1 25 

Water-supply. (Considered principally from a Sanitary Standpoint). 

8vo, 4 00 

* Mast's Light and the Behavior of Organisms Large 12mo, 2 50 
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* Merriman's Elements of Sanitary Engineering 8vo, 

Ogden's Sewer Construction 8vo, 

Sewer Design 12mo, 

* Ogden and Cleveland's Practical Methods of Sewage Disposal for Res- 

idences, Hotels and Institutions 8vo, 

Parsons's Disposal of Municipal Refuse 8vo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

* Price's Handbook on Sanitation 12mo, 

Rkhards's Conservation by Sanitation 8vo, 

Cost of Cleanness 12mo. 

^ost of Food. A Study in Dietaries 12mo, 

Cost of Living as Modified by Sanitary Science 12mo, 

Cost of Shelter 12mo, 

Rkhards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 

* Richey's Plumbers', Steam-fitters', and Tinners' Edition (Building 

Mechanics' Ready Reference Series) 16mo, mor. 

Rideal's Disinfection and the Preservation of Food 8vo, 

Soper's Air and Ventilation of Subways 12mo, 

Tumeaure and Russell's Public Water-supplies 8vo, 

Venable's Garbage Crematories in America 8vo, 

Method and Devices for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water. 8vo, 

* Typhoid Fever Large 12mo, 

Value of Pure Water Large 12mo, 

Winslow's Systematic Relationship of the Coccaceae Large 12mo, 

MISCELLANEOUS. 

* Burt's Railway Station Service 12mo. 

* Chapin's How to Enamel 12mo, 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, 

Perrel's Popular Treatise on the Winds 8vo, 

Fitzgerald's Boston Machinist 18mo, 

* Fritz, Autobiography of John 8vo, 

Cannett's Statistical Abstract of the World. . . 24mo, 

Haines's American Railway Management. . . 12mo, 

Hanausek's The Microscopy of Technical Products. (Win ton) 8vo, 

Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency 8 vo, 

Metcalfe's Cost of Manufactures, and the Administration of Workshops.. 8 vo. 

* Parkhurst's Applied Methods of Scientific Management 8vo, 

Putnam's Nautical Charts 8vo, 

Ricketts's History of Rensselaer Polytechnic Institute 1824-1894. 

Large 12mo, 

* Rotch and Palmer's Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to, 

Rotherham's Emphasised New Testament Large 8vo, 

Rust's Ex-Meridian Altitude, Azimuth and Star-finding Tables 8vo, 

Standage's Decoration of Wood, Glass, Metal, etc , 12mo, 

Westermaier's Compendium of General Botany. (Schneider) 8vo, 

Winslow's Elements of Applied Microscopy 12mo. 

HEBREW AND CHALDEE TEXT-BOOKS. 

Cesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half mor. 5 00 

ttreen's Elementary Hebrew Grammar 12mo, 1 2fi 
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